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(54) ALIGNER AND METHOD FOR MANUFACTURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aligner provided with 
a detection device capable of finding out a distance between a 
projecting optical system and a substrate at high accuracy even 
when space between the projecting optical system and the 
substrate is filled with liquid, and to provide a device 
manufacturing method for manufacturing a device by using the 
exposure device. 

SOLUTION: A feed collection board 40 formed on the tip of the 
projecting optical system PL guides liquid w to a liquid 
collection device 28 together with liquid w filled between the 
projecting optical system PL and a wafer W. The liquid 
collection device 28 guides also nitrogen gas to the periphery of 
the liquid w and guides the nitrogen gas to a nitrogen gas 
collection device 43. Detection electrodes D2 for detecting 
electrostatic capacity between the supply collection board 40 
and the wafer W are formed on the surface of the board 40 so 
as to be opposed to the wafer W. Since the nitrogen gas is 
supplied to the periphery of the liquid w, dissolution of a gas 
component such as carbon dioxide into the liquid w can be 

prevented, electrostatic capacity between the detection electrodes D2 and the wafer W can be 
accurately detected, and thereby the distance between the projecting optical system and the substrate 
can be found out at high accuracy. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

In the aligner which exposes a substrate through projection optics, 

Detection equipment which detects the electric capacity between said projection optics and said substrates, 
and finds the distance between said projection optics and said substrates in the condition that between said 
projection optics and said substrates is filled with the liquid, 

The gas transfer unit which supplies inert gas to the perimeter of said liquid which is filling between said 

projection optics and said substrates 

The aligner characterized by preparation ******. 

[Claim 2] 

It has the chamber which seals the space which includes at least the space where said liquid is filled, 
Said gas transfer unit is an aligner according to claim 1 characterized by supplying said inert gas to the 
perimeter of said liquid by supplying said inert gas in said chamber. 
[Claim 3] 

The aligner according to claim 1 characterized by having gas recovery equipment which collects the inert 
gas supplied in said chamber by said gas transfer unit. 
[Claim 4] 

Said gas transfer unit is an aligner according to claim 1 characterized by supplying said inert gas to the 
perimeter of said liquid locally. 
[Claim 5] 

The aligner according to claim 4 characterized by having gas recovery equipment which collects the inert 
gas locally supplied to the perimeter of said liquid by said gas transfer unit. 
[Claim 6] 

It is attached in the point of said projection optics, 

The 1st slot which leads the liquid from a liquid supply recovery system between said projection optics and 
said substrates, 

The 2nd slot which leads said liquid which is filling between said projection optics and said substrates to 
said liquid supply recovery system, 

The 3rd slot which leads locally the inert gas from said gas transfer unit to the perimeter of said liquid, 
The 4th slot which leads the inert gas locally supplied to the perimeter of said liquid to said gas recovery 
equipment 

The aligner according to claim 5 characterized by having the supply stripping section material which it 
comes to ******. 

[Claim 7] 

Said 3rd slot is an aligner according to claim 6 characterized by being formed so that said 1st slot and 2nd 
slot may be surrounded. 
[Claim 8] 

Said 4th slot is an aligner according to claim 7 characterized by being formed so that said 3rd slot may be 

surrounded. 

[Claim 9] 

An aligner given in any 1 term of claim 6 to claim 8 characterized by equipping the point of said supply 
stripping section material with the detection electrode which detects the electric capacity between said 
projection optics and said substrates. 
[Claim 10] 
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In the aligner which exposes a substrate through projection optics, 

Detection equipment which detects the electric capacity between the detection electrode attached in the 

point of said projection optics, and said substrate, and finds the distance between said projection optics and 

said substrates where a liquid is locally filled to the image surface side of said projection optics, 

The metal member to which it was prepared in the perimeter of said substrate and the surface location was 

set almost identically to the surface location of said substrate 

The aligner characterized by preparation ******. 

[Claim 11] 

The aligner according to claim 1 0 characterized by having the auxiliary electrode with which the same 
electrical signal as the electrical signal which is attached in the point of said projection optics, encloses the 
perimeter of said detection electrode, and is impressed to said detection electrode is impressed. 
[Claim 12] 

Said metal member is an aligner according to claim 10 or 11 characterized by being the member which 
comes to give metal plating to the base material made from the ceramics. 
[Claim 13] 

Said metal member is an aligner according to claim 10 or 1 1 characterized by covering the front face with 
the insulating material. 
[Claim 14] 

Said metal member is an aligner according to claim 1 0 or 11 characterized by forming in the front face 
covering which has either [ at least ] water-repellent or oil-repellent. 
[Claim 15] 

An aligner given in any 1 term of claim 1 to claim 14 characterized by having the liquid supply recovery 
system which collects said supplied liquids while supplying said liquid between said projection optics and 
said substrates. 
[Claim 16] 

The exposure process which carries out exposure processing to any 1 term of claim 1 to claim 1 5 to a 
substrate using the aligner of a publication, 

The development process which develops the substrate which passed through said exposure process 
****** — the device manufacture approach characterized by things. 



[Translation done.] 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention exposes a substrate through projection optics, and relates to the device manufacture approach 
using the aligner which imprints a pattern on a substrate, and the aligner concerned. 
[Background of the Invention] 
[0002] 

Devices, such as a semiconductor device, a liquid crystal display component, image pick-up equipments 
(CCD (charge Coupled Device) etc.), and the thin film magnetic head, are manufactured by the technique of 
the so-called photography which imprints the pattern formed in the mask on substrates (a semi-conductor 
wafer or a glass plate etc. with which the resist was applied). The aligner used at this photography process is 
equipment which imprints the pattern of a mask to a substrate through projection optics, having the mask 
stage which supports a mask, and the substrate stage which supports a substrate, and moving serially on a 
mask stage and a substrate stage. 
[0003] 

In order to imprint the pattern of a mask faithfully on a substrate using an aligner, where the front face of a 
substrate is doubled with the image surface of projection optics, it is necessary to expose a substrate. For this 
reason, to the front face of a substrate, the aligner irradiated detection light from across, adjusted the 
distance of Hazama of projection optics and a substrate according to the light-receiving location of detection 
light reflected on the surface of the substrate, and is equipped with the automatic focus device in which the 
front face of a substrate is automatically doubled with the image surface of projection optics. In addition, 
please refer to the following patent reference 1 , for example about the detail of the aligner equipped with the 
automatic focus device of this oblique incidence type. 
[0004] 

Moreover, in recent years, since it corresponds to much more high integration of the pattern formed in a 
device, the further high resolution-ization of projection optics is desired. The resolution of projection optics 
becomes so high that the numerical aperture of projection optics is so large that the wavelength of the 
exposure light to be used becomes short. For this reason, wavelength of the exposure light used with an 
aligner is short- wavelength-ized every year, and the numerical aperture of projection optics is also 
increasing. Although the aligner of the current mainstream is equipped with KrF excimer laser (wavelength 
of 248nm) as the light source, the aligner further equipped with the ArF excimer laser (wavelength of 
193nm) of short wavelength is also being put in practical use. 
[0005] 

Moreover, in case it exposes, the depth of focus (DOF) as well as resolution becomes important. Resolution 
R and the depth of focus delta are expressed with the following (1) types and (2) types, respectively. 
R= kl and lambda/NA .... (1) 
delta=**k2 and lambda/NA 2 .... (2) 

Here, the numerical aperture of projection optics, and kl and k2 is [ lambda of the wavelength of exposure 

light and NA ] process multipliers. 

[0006] 

In order to raise resolution R, when wavelength lambda of exposure light is short-wavelength-ized and 
numerical aperture NA is enlarged from the above-mentioned (1) formula and (2) types, it turns out that the 
depth of focus delta becomes narrow. When the depth of focus delta becomes narrow too much, it becomes 
difficult to make the front face of a substrate agree to the image surface of projection optics, and there is a 
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possibility that the margins at the time of exposure actuation may run short. Then, the immersion method 
which considers as the approach of shortening exposure wavelength substantially and making the depth of 
focus large, for example, is indicated by the following patent reference 2 is proposed. This immersion 
method expands the depth of focus by about n times while it improves resolution using filling between the 
inferior surface of tongue of projection optics, and the front faces of a substrate with liquids, such as water 
and an organic solvent, and the wavelength of the exposure light in the inside of a liquid being set to 1/n in 
air (n being the refractive index of a liquid and being usually 1 .2 to about 1 .6). 
[Patent reference 1] the [ international public presentation ] — WO 00/No. 30163 pamphlet 
[Patent reference 2] the [ international public presentation ] — WO 99/No. 49504 pamphlet 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0007] 

By the way, in order to realize an automatic focus device in the aligner using the immersion method 
mentioned above, it is necessary to make the detection light which irradiated detection light from across to 
the front face of a substrate through the liquid of Hazama of the inferior surface of tongue of projection 
optics, and the front face of a substrate, and was reflected on the surface of the substrate inject from a liquid. 
For this reason, while leading detection light to the side of the inferior surface of tongue of projection optics 
in a liquid, it is necessary to prepare the optical window which draws the detection light reflected on the 
surface of the substrate out of a liquid. 
[0008] 

However, when an optical window is prepared, there is a problem that the structure prepared in the inferior 
surface of tongue of projection optics will be enlarged. Moreover, since it is in the condition of having 
touched the liquid of Hazama of the inferior surface of tongue of projection optics, and the front face of a 
substrate, if an optical window vibrates by liquid flow, since the exposure location of the detection light to 
the front face of a substrate or the injection direction of detection light reflected with the substrate will 
change, an optical window has a possibility that the surface location of a substrate may be detected 
accidentally. Furthermore, there is a possibility that the refractive index of a liquid may change with 
fluctuation of the pressure of a liquid or temperature, and the injection direction of detection light reflected 
by this on the exposure location of the detection light to the front face of a substrate and the front face of a 
substrate may change. 
[0009] 

Even if this invention is made in view of the above-mentioned situation and between projection optics and 
substrates is filled with the liquid, it aims at offering the device manufacture approach of manufacturing a 
device using an aligner equipped with the detection equipment which can find the distance of Hazama of 
projection optics and a substrate in a high precision, and the aligner concerned. 
[Means for Solving the Problem] 
[0010] 

In order to solve the above-mentioned technical problem, the aligner by the 1 st viewpoint of this invention 
In the aligner (EX) which exposes a substrate (W) through projection optics (PL), in the condition that 
between said projection optics and said substrates is filled with the liquid (w) The detection equipment 
which detects the electric capacity of Hazama of said projection optics and said substrate, and finds the 
distance of Hazama of said projection optics and said substrate (25 Dl, D2), It is characterized by having the 
gas transfer unit (37, 40, 41 , WC) which supplies inert gas to the perimeter of said liquid which is filling 
between said projection optics and said substrates. 

According to this invention, where inert gas is supplied to the perimeter of the liquid which fills between 
projection optics and substrates, the electric capacity of Hazama of projection optics and a substrate is 
detected through a liquid, and the distance of Hazama of projection optics and a substrate is found. 
In order to solve the above-mentioned technical problem, the aligner by the 2nd viewpoint of this invention 
In the aligner (EX) which exposes a substrate (W) through projection optics (PL), where a liquid (w) is 
locally filled to the image surface side of said projection optics The detection equipment which detects the 
electric capacity of Hazama of the detection electrode (Dl 1) attached in the point of said projection optics, 
and said substrate, and finds the distance of Hazama of said projection optics and said substrate (25 D10), It 
is prepared in the perimeter of said substrate and characterized by having the metal member (50) to which 
the surface location was set almost identically to the surface location of said substrate. 
When the detection electrode attached in the point of projection optics is located near the edge of a substrate 
according to this invention, the electric capacity of projection optics and a substrate is detected through a 
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liquid in the condition of carrying out incidence of the line of electric force from a detection electrode 
almost at right angles to a substrate and the metal member to which the surface location was set almost 
identically to the surface location of a substrate, and the distance of Hazama of projection optics and a 
substrate is found. 

The device manufacture approach of this invention is characterized by including the exposure process (S26) 
which performs exposure processing to a substrate using an aligner given in above any they are, and the 
development process (S27) which develops the substrate which passed through said exposure process. 
According to this invention, a substrate is exposed and developed in the condition that the front face of a 
substrate doubled with the image surface of projection optics based on the detection result of detection 
equipment prepared in the above-mentioned aligner. 
[Effect of the Invention] 
[0011] 

By supplying inert gas to the perimeter of the liquid which fills between projection optics and substrates 
according to this invention Since the gas to which the conductivity or the dielectric constants of a liquid, 
such as a carbon dioxide, are changed is changing into the condition of not dissolving in a liquid, Even if it 
can detect the electric capacity of Hazama of the projection optics and the substrate through a liquid with a 
sufficient precision and between projection optics and substrates is filled with the liquid as this result, it is 
effective in the ability to find the distance of Hazama of projection optics and a substrate in a high precision. 

Moreover, even if the detection electrode attached in the point of projection optics is located near the edge 
of a substrate according to this invention Since the line of electric force from a detection electrode can be 
changed into the condition that concentrate on the edge of a substrate, line of electric force is not disturbed, 
and line of electric force is carrying out incidence almost at right angles to a substrate and a metal member, 
Even if it can detect the electric capacity of Hazama of the projection optics and the substrate through a 
liquid with a sufficient precision and between projection optics and substrates is filled with the liquid as the 
result, it is effective in the ability to find the distance of Hazama of projection optics and a substrate in a 
high precision. 

Moreover, according to this invention, the distance of Hazama of the projection optics and the substrate 
through a liquid is found in a high precision, and since exposure processing is performed in the condition 
that the front face of a substrate doubled with the image surface of projection optics precisely, it is effective 
in the ability to imprint a detailed pattern faithfully on a substrate. 
[Best Mode of Carrying Out the Invention] 
[0012] 

Hereafter, with reference to a drawing, the aligner and the device manufacture approach by the operation 

gestalt of this invention are explained to a detail. 

[0013] 

[The 1 st operation gestalt] 

Drawing 1 is drawing showing the outline configuration of the aligner by the 1 st operation gestalt of this 
invention. In addition, in drawing 1 , some aligners EX are turned off, and it is lacked and illustrated. It is an 
immersion-type aligner exposed supplying Liquid w between projection optics PL and Wafer W, and the 
aligner EX shown in drawing 1 is an aligner of step - which imprints serially the pattern formed in Reticle R 
to Wafer W, and manufactures a semiconductor device, and - scanning method, moving relatively the wafer 
W as Reticle R and the substrate as a mask to the projection optics PL in drawing 1 . 
[0014] 

In addition, in the following explanation, the XYZ rectangular coordinate system shown all over drawing is 
set up, and the physical relationship of each part material is explained, referring to this XYZ rectangular 
coordinate system. A XYZ rectangular coordinate system is set up so that the X-axis and a Y-axis may 
become parallel to Wafer W, and it is set up in the direction in which the Z-axis intersects perpendicularly to 
Wafer W. The XYZ system of coordinates in drawing are set as the field where XY flat surface is parallel to 
a horizontal plane in fact, and the Z-axis is set as vertical above. Moreover, with this operation gestalt, the 
direction (scanning direction SD) to which Reticle R and Wafer W are moved is set up in the direction of Y. 
[0015] 

The aligner EX shown in drawing 1 is divided roughly into the illumination-light study system IS, the reticle 
control unit RO, projection optics PL, and the wafer control unit WO, and the illumination-light study 
system IS, the reticle control unit RO, and projection optics PL are contained, respectively, where it was 
isolated from the open air and whenever [ sealing ] is raised to the box-like illumination system chamber IC, 
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and the reticle room RC and the interior of Lens-barrel PC. Moreover, the wafer control unit WO and the 
lower part section of Lens-barrel PC are contained, where it was isolated from the open air and whenever 
[ sealing ] is raised to the interior of the wafer room WC. In addition, although illustration is omitted, the 
aligner EX of this operation gestalt is contained inside one big chamber by which the temperature of an 
internal gas was controlled at predetermined target within the limits. 
[0016] 

The exposure light source 10 is attached in the lower part of the illumination system chamber IC. This 
exposure light source 10 is ArF excimer laser which generates pulse laser light with a wavelength [ of a 
vacuum ultraviolet area ] of 193nm. From the exposure light source 10, by the mirror 11, the exposure light 
IL (energy beam) injected in the illumination system chamber IC be deflect by + Z direction, and carry out 
incidence to the fly eye lens (or rod lens) 1 3 as an optical integrator (homogenizer) through the beam plastic 
surgery optical system 1 2 which perform plastic surgery and light control of the automatic tracking section 
which be illustrate for unite the optical axis gap by vibration etc., and the cross section configuration of an 
illumination system. 
[0017] 

The aperture-diaphragm plate (un-illustrating) is arranged free [ rotation ] by the drive motor (un- 
illustrating) at the injection side of the fly eye lens 13, i.e., the pupil surface of the illumination-light study 
system IS, (it is [ the pupil surface of projection optics PL, and ] a field [ **** ] optically). An aperture- 
diaphragm plate consists of a disk which consisted of the surroundings of a revolving shaft free [ rotation ], 
and two or more aperture diaphragms, such as a circular aperture diaphragm for lighting, an aperture 
diaphragm for zona-orbicularis lighting, an aperture diaphragm for 4 pole deformation lighting (4 pole 
lighting), and an aperture diaphragm of the small small-circle form for coherence factors (sigma value), are 
usually formed along the hoop direction. It connects with the revolving shaft of a drive motor, and the 
revolving shaft of an aperture-diaphragm plate can change the aperture diaphragm arranged to the injection 
side of the fly eye lens 1 3 by driving a drive motor and rotating an aperture-diaphragm plate around a 
revolving shaft. The main control system 25 which carries out generalization control of the actuation of the 
whole aligner EX controls the drive of a drive motor. 
[0018] 

By the mirror 14, the exposure light IL which passed any one of the aperture diaphragms which. were 
injected from the fly eye lens 13 and formed in the aperture-diaphragm plate is deflected in the direction of 
+Y, and reaches a field diaphragm (reticle blind) 16 through a relay lens 15. This field diaphragm consists of 
a movable lighting field diaphragm (movable blind) constituted movable, in order to prevent the exposure to 
an unnecessary part at the time of the fixed lighting field diaphragm (fixed blind) which specifies the 
configuration of the lighting field of a rectangle long and slender in the field (henceforth a reticle side) in 
which the pattern of Reticle R is formed, initiation of scan exposure, and termination. The fixed lighting 
field diaphragm is arranged on the field slightly shifted from the conjugation side over a reticle side, in order 
to prevent the addition quantity of light unevenness in a scanning direction SD, and a movable lighting field 
diaphragm is arranged in the conjugation side over a reticle side. 
[0019] 

The exposure light IL which passed the field diaphragm 16 illuminates the lighting field of the rectangle (the 
shape of a slit) set as the reticle side of Reticle R through the relay lens 17, the mirror 18, and the 
condensing lens system 19 fixed to the point of the illumination system chamber IC in order by uniform 
illumination distribution. The illumination-light study system IS is constituted by the configuration from the 
exposure light source 10 to the condensing lens system 19, and the optical path of the exposure light IL in 
the illumination-light study system IS, i.e., the optical path from the exposure light source 10 to the 
condensing lens system 19, is sealed by the illumination system chamber IC. 
[0020] 

the basis of the exposure light IL from the illumination-light study system IS — the image of the pattern in 
the lighting field of Reticle R — a both-sides tele cent — through the rucksack projection optics PL, it is the 
predetermined projection scale factor beta (beta is 1/4, or 1 / 5 grades), and is projected on the exposure 
field (projection field) of the shape of a slit on the wafer W as a substrate arranged in the image surface of 
projection optics PL. Wafers W are disc-like substrates, such as semi-conductors (silicon etc.) or SOI 
(silicon on insulator). 
[0021] 

Projection optics PL is constituted including two or more optical elements, such as a lens. With this 
operation gestalt, the light of the ArF excimer laser light of a vacuum ultraviolet area is used as an exposure 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/21/2006 



JP,2005-183744,A [DETAILED DESCRIPTION] 



Page 5 of 16 



light IL. For this reason, as ** material of the optical element which constitutes projection optics PL, 
synthetic quartz or fluorite (calcium fluoride: CaF2) is used, for example. A part of optical element with 
which projection optics PL is equipped consists of the surroundings of a shaft parallel to movable and a 
shaft or a Y-axis parallel to the X-axis possible [ a tilt ] in the optical-axis AX direction (Z direction) of 
projection optics PL, and these optical elements are controlled by the non-illustrated lens control system. 
The interior of projection optics PL is divided with the optical element, and, thereby, two or more space is 
formed. In addition, although the projection optics PL of this operation gestalt is dioptric ** (refractive 
media), it cannot be overemphasized that a catadioptric system (reflective refractive media) and a reflective 
system can also be used. 
[0022] 

In the reticle control unit RO, Reticle R is held on the reticle stage 20. A reticle stage 20 carries out the 
minute drive of the reticle R around the direction of X, the direction of Y, and the Z-axis so that a 
synchronization error may be reduced, while carrying out continuation migration of the reticle R in the 
direction of Y on the non-illustrated reticle base synchronizing with the below-mentioned wafer stage. The 
location and angle of rotation of a reticle stage 20 are measured with high precision by the non-illustrated 
laser interferometer, and a reticle stage 20 drives actuation of this measurement value and the whole 
equipment based on the control information from the main control system 25 which consists of a computer 
which carries out generalization control. 
[0023] 

The reticle control unit RO consists of a reticle stage 20, the non-illustrated reticle base, a non-illustrated 
reticle loader, etc., and the optical path of the exposure light IL in the reticle control unit RO, i.e., the optical 
path from the condensing lens system 19 to projection optics PL, is sealed by the reticle room RC. 
Moreover, in projection optics PL, two or more optical elements, such as a lens, are sealed and contained in 
Lens-barrel PC. The optical path from the optical member by the side of the reticle R of projection optics PL 
to the optical member by the side of a wafer is sealed in Lens-barrel PC. 
[0024] 

In the wafer control unit WO, adsorption maintenance of the wafer W is carried out in the installation side 
on the wafer holder 21 , and the wafer holder 21 is being fixed on the wafer stage 22. In addition, in the 
condition that Wafer W is held on the wafer holder 21 , Wafer W is grounded so that the potential may 
become equal to touch-down potential. The liquid w which Liquid w was supplied from the liquid feeder 27 
mentioned later to a part of space [ at least ] of Hazama of projection optics PL (optical element of the 
optical elements contained in projection optics PL most located in an image surface side) and Wafer W, and 
was supplied to the space of Hazama of projection optics PL and Wafer W is recovered by the liquid 
recovery system 28 mentioned later. 
[0025] 

In addition, it is 0.1mm - about several mm in spacing between the optical element of the optical elements 
contained in projection optics PL most located in an image surface side, and Wafer W. This liquid w is pure 
water. The reason using pure water as a liquid w is because there is little absorption to ArF excimer laser 
light while a refractive index is higher than a gas (air or nitrogen gas) and it can raise the numerical aperture 
of projection optics PL. 
[0026] 

The wafer stage 22 carries out step migration of the wafer W in the direction of X, and the direction of Y 
while carrying out continuation migration of the wafer W in the direction of Y synchronizing with the reticle 
stage 20 mentioned above on the non-illustrated wafer base. Moreover, Wafer W is moved to a Z direction 
and the posture (rotation of the circumference of the X-axis, a Y-axis, and the Z-axis) of Wafer W is 
changed. The migration mirror 23 is attached in the end of the top face of the wafer stage 22, and the laser 
interferometer 24 which injects a laser beam towards this migration mirror 28 is formed. The location of the 
direction of X of the wafer stage 22 and the direction of Y and the surrounding angle of rotation (the amount 
of pitching) of the X-axis, the surrounding angle of rotation (the amount of rolling) of a Y-axis, and the 
surrounding angle of rotation (the amount of yawing) of the Z-axis are measured with high precision by the 
laser interferometer 24, and the wafer stage 22 drives them through the stage drive system 26 based on the 
control information from the measurement value and the main control system 25 of this laser interferometer 
24. 

[0027] 

Moreover, the aligner EX of this operation gestalt is equipped with the electrostatic-capacity sensor which 
detects the electric capacity of Hazama of projection optics PL and Wafer W. This electrostatic-capacity 
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sensor is constituted including the detection electrode Dl attached in the field suitable for the wafer W side 
of the optical element of the optical elements contained in projection optics PL most located in an image 
surface side. By controlling the electrical potential difference which the main control system 25 impresses 
the alternating voltage which has a predetermined frequency to the detection electrode Dl, and is impressed 
so that a current (displacement current) may become fixed, the electric capacity of Hazama of the detection 
electrode Dl and the wafer W in touch-down potential is calculated, and the distance of Hazama of 
projection optics PL and Wafer W is found from this electric capacity. And based on this distance, the wafer 
stage 22 is moved to a Z direction through the stage drive system 26, and control which doubles the front 
face of Wafer W with the image surface of projection optics PL is performed. The automatic focus device is 
realized by this configuration. 
[0028] 

In addition, it is attached in the wafer stage 22, and various configurations, such as a configuration which 
consists of a prismatic form separate mirror, a configuration which consists of a mirror of the L character 
mold of one apparatus, and a configuration which carries out mirror plane processing of the side face of the 
wafer stage 22, and is used as a mirror, are applied, and it deals in the migration mirror 23 which reflects the 
laser beam from a laser interferometer 24. Moreover, the wafer control unit WO is constituted by the wafer 
holder 21, the wafer stage 22, the non-illustrated wafer base, etc., and the wafer loader as a conveyance 
system etc. is arranged in the side of the wafer control unit WO (un-illustrating). 
[0029] 

Moreover, in the example shown in drawing 1 , the lower part section of Lens-barrel PC is sealed by the 
wafer room WC at piping and the list which are extended from the wafer holder 2 1 which constitutes the 
wafer control unit WO and the wafer stage 22, the migration mirror 23, a laser interferometer 24, the stage 
drive system 26, the liquid feeder 27, and the liquid recovery system 28. In addition, although illustration is 
simplified in drawing 1 , the vibrationproofing device is established so that vibration which produces under 
piping extended from the vibration accompanying migration of the wafer stage 22, the liquid feeder 27, and 
the liquid recovery system 28 when a liquid flows may not get across to the wafer room WC. Furthermore, 
the load lock chamber (un-illustrating) for performing carrying in and taking out of Wafer W, where internal 
airtightness is maintained is established in the wafer room WC. Moreover, in drawing 1 , although the liquid 
feeder 27 and the liquid recovery system 28 are formed in the outside of the wafer room WC, in order to 
shorten piping length, you may prepare in the wafer room WC. 
[0030] 

The liquid feeder 27 is for filling some Hazama [ at least ] of projection optics PL and Wafer W with Liquid 
w, is equipped with a tank, a booster pump, etc. which hold Liquid w, and is constituted. The end section of 
a supply pipe 29 is connected to this liquid feeder 27, and the supply nozzle 30 is connected to the other end 
of a supply pipe 29. Liquid w is supplied to the space of Hazama of projection optics PL and Wafer W 
through these supply pipes 29 and the supply nozzle 30. 
[0031] 

The liquid recovery system 28 is equipped with a suction pump, the tank which holds the collected liquid w. 
The end section of the recovery tubing 3 1 is connected to the liquid recovery system 28, and the recovery 
nozzle 32 is connected to the other end of the recovery tubing 3 1 . The liquids w supplied to the space of 
Hazama of projection optics PL and Wafer W are collected by the liquid recovery system 28 through the 
recovery nozzle 32 and the recovery tubing 3 1 . These liquid feeder 27 and the liquid recovery system 28 are 
controlled by the main control system 25. 
[0032] 

That is, the liquid feeder 27 and the liquid recovery system 28 output [ as opposed to / respectively / the time 
of supplying Liquid w to the space of Hazama of projection optics PL and Wafer W ] a control signal, and 
the main control system 25 controls the amount of supply and the amount of recovery of Liquid w per unit 
time amount. As for Liquid w, only sufficient amount required between projection optics PL and Wafer W 
is supplied by this control. In addition, in the example shown in drawing 1 , although the liquids w of 
Hazama of projection optics PL and Wafer W are collected in the upper part of the wafer stage 22, a 
stripping section may be prepared in the perimeter of the top face of Wafer W, and they may be used 
together. 
[0033] 

The interior of each of the space IC where the aligner EX of this operation gestalt met the optical path of the 
exposure light IL, i.e., an illumination system chamber, and the reticle room RC and Lens-barrel PC is filled 
with the nitrogen gas as penetrable gas with little energy-absorbing to the beam of a vacuum ultraviolet area, 
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and the atmospheric pressure is set up to the same extent as atmospheric pressure, or more highly (highly 
[ as opposed to / For example, / atmospheric pressure / in 0.001 - 10% of within the limits ]). The feed pipe 
whose feed-pipe 33c is not illustrated to Lens-barrel PC is connected to the illumination system chamber IC 
for feed pipes 33a and 33b at the reticle room RC, respectively. In addition, the feed pipe which is not 
illustrated [ which is connected to Lens-barrel PC ] has the composition that only the number of the space 
divided with the optical element prepared in projection optics PL branched further. 
[0034] 

The flow control devices 34a-34c which consist of a flow rate adjustable bulb are formed in each of feed 
pipes 33a-33c, and the flow control device (un-illustrating) which consists of a flow rate adjustable bulb is 
prepared in each passage where the feed pipe which is not illustrated [ which is connected to projection 
optics PL ] branched, respectively. These flow control devices 34a-34c etc. are established in order to adjust 
the atmospheric pressure of each space divided with the optical element in the lighting chamber IC, and the 
reticle room RC and Lens-barrel PC, and each flow rate is controlled by the main control system 25. 
[0035] 

Moreover, recovery tubing whose recovery tubing 35c is not illustrated to Lens-barrel PC is connected to 
the illumination system chamber IC for the recovery tubing 35a and 35b at the reticle room RC, 
respectively. In addition, non-illustrated recovery tubing connected to Lens-barrel PC has the composition 
that only the number of the space divided with the optical element prepared in projection optics PL like the 
feed pipe which is not illustrated [ which is connected to Lens-barrel PC ] branched. The breaker styles 36a- 
36c are formed in each of the recovery tubing 35a-35c, and the non-illustrated breaker style is prepared in 
each passage where non-illustrated recovery tubing connected to Lens-barrel PC branched, respectively. It is 
prepared in order that these breaker styles may discharge the nitrogen gas supplied to each space divided 
with the optical element in the lighting chamber IC, and the reticle room RC and Lens-barrel PC according 
to an individual, and each switching action is controlled by the main control system 25. 
[0036] 

Furthermore, the nitrogen gas transfer unit 37 which supplies the nitrogen gas as inert gas by which 
temperature control was carried out into the wafer room WC to the wafer room WC separately [ the above- 
mentioned feed pipes 33a-33c etc. ], and the nitrogen gas recovery equipment 38 which collects the nitrogen 
gas supplied in the wafer room WC are connected, respectively. In addition, as for nitrogen gas, it is 
desirable that it is the dry nitrogen gas which does not contain moisture. These nitrogen gas transfer unit 37 
and nitrogen gas recovery equipment 38 are making the inside of the wafer room WC filled with nitrogen 
gas, and they are formed in order to prevent that the gas component (for example, carbon dioxide in air) to 
which the conductivity or the dielectric constant of Liquid w is changed dissolves in the liquid w supplied 
between projection optics PL and Wafer W. 
[0037] 

The electrostatic-capacity sensor has detected the electric capacity of Hazama of the detection electrode Dl 
attached in projection optics PL, and the wafer W set as touch-down potential, and if Liquids w are 
nonconductors, such as pure water, between the detection electrode Dl and Wafer W, only the displacement 
current will flow, as mentioned above. However, since Liquid w will have electrical conductivity and not 
only the displacement current but leakage current will flow between the detection electrode Dl and Wafer 
W if gas components, such as a carbon dioxide, dissolve in Liquid w, a detection error produces only the 
part of leakage current. If pure water is left in atmospheric air, since it is known that pure water will dissolve 
the carbon dioxide in air rapidly, and especially conductivity will rise rapidly, it is not desirable to make 
atmospheric air touched with pure water. 
[0038] 

Although leakage current can also be prevented if the detection electrode Dl is covered with an insulator, 
the detection electrode Dl covered with the insulator may be unable to be used. Moreover, although leakage 
current does not flow when the detection electrode Dl covered with the insulator is used, since the dielectric 
constant of Liquid w changes with the amounts of dissolutions of a gas component, a detection error arises 
also by this. For this reason, the inside of the wafer room WC is made filled with nitrogen gas into Liquid w 
with this operation gestalt that it should prevent that these gas components dissolve. The amount of supply 
of the nitrogen gas by the nitrogen gas transfer unit 37 and the amount of recovery of the nitrogen gas by 
nitrogen gas recovery equipment 38 are controlled by the main control system 25. 
[0039] 

Next, actuation of the aligner in the above-mentioned configuration is explained. First, the main-control 
system 25 controls the flow rate of the nitrogen gas which adjusts the flow control devices 34a-34c based on 
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the detection result of a non-illustrated pressure sensor prepared in each space divided with the optical 
element in the illumination system chamber IC, and the reticle room RC and Lens-barrel PC, and flows into 
each, and controls the pressure in each space divided with the optical element in the illumination system 
chamber IC, and the reticle room RC and Lens-barrel PC according to an individual. Moreover, a control 
signal is outputted to each of the nitrogen gas transfer unit 37 and nitrogen gas recovery equipment 38, 
while supplying nitrogen gas in the wafer room WC, the nitrogen gas supplied to the wafer room WC is 
collected, and the inside of the wafer room WC is made filled with nitrogen gas. 
[0040] 

Next, the main control system 25 controls the wafer loader equipment which is not illustrated, carries in the 
wafer W for exposure in the wafer room WC through a non-illustrated load lock chamber, and is made to lay 
it on the wafer holder 2 1 . Moreover, while carrying in Wafer W, the main control system 25 carries in a 
predetermined reticle from a non-illustrated reticle library, and is made to lay it on a reticle stage 20. The 
pressure of each space divided with the optical element under control of the main control system 25 and in 
the illumination system chamber IC, and the reticle room RC and Lens-barrel PC is kept constant, and the 
main control system 25 outputs a control signal to the liquid feeder 27 and the liquid recovery system 28 in 
the condition that the inside of the wafer room WC is filled with nitrogen gas. 
[0041] 

Thereby, Liquid w is supplied from the liquid feeder 27 through a supply pipe 29 and the supply nozzle 30 
in order to a part of space [ at least ] of Hazama of projection optics PL and Wafer W. Here, since the inside 
of the wafer room WC is filled with nitrogen gas, gas components, such as a carbon dioxide, do not dissolve 
in Liquid w, and the rate of electrical conductivity and dielectric constant of Liquid w do not change. The 
liquids w supplied between projection optics PL and Wafer W are collected by the liquid recovery system 
28 through the recovery nozzle 32 and the recovery tubing 31 in order. 
[0042] 

After the main control system 25 moves a reticle stage 20 and the wafer stage 22 to a scanning direction SD 
and reaches a predetermined rate, it outputs a control signal to the exposure light source 1 0, and makes the 
exposure light IL inject in the condition that Liquid w is supplied between projection optics PL and Wafer 
W. After it is reflected in + Z direction by the mirror 1 1 and the exposure light IL injected from the exposure 
light source 10 minds the beam plastic surgery optical system 12, incidence of it is carried out to the fly eye 
lens 13. It is reflected in the direction of Y+ by the mirror 14, and the exposure light IL which passed any 
one of the aperture diaphragms which were injected from the fly eye lens 13 and formed in the aperture- 
diaphragm plate reaches a field diaphragm 1 6 through a relay lens 1 5 by it. The exposure light IL which 
passed the field diaphragm 16 illuminates the lighting field of the rectangle (the shape of a slit) set as the 
reticle side of Reticle R through the relay lens 17, the mirror 18, and the condensing lens system 19 fixed to 
the point of the illumination system chamber IC in order by uniform illumination distribution. 
[0043] 

After it carries out incidence of the exposure light IL which penetrated Reticle R to projection optics PL and 
it minds projection optics PL, it penetrates the liquid w supplied between projection optics PL and Wafer W, 
and is projected on Wafer W. Since Reticle R and Wafer W are moving relatively at this time, the pattern of 
Reticle R is serially imprinted by the shot field of Wafer W. While performing this exposure processing, the 
main control system 25 controls the alternating voltage impressed to the detection electrode Dl so that the 
current (displacement current) which flows between the detection electrode Dl and Wafer W may become 
fixed. The electric capacity of Hazama of the detection electrode Dl and the wafer W in touch-down 
potential is detected from the current which is flowing, and the alternating voltage currently impressed, and 
the distance of Hazama of projection optics PL and Wafer W is found from this detection result. And 
according to this distance, the wafer stage 22 is moved to a Z direction, and the front face of Wafer W 
doubles with the image surface of projection optics PL. If the exposure processing to one shot field is 
completed, the main control system 25 will make the step migration of the wafer stage 22 carry out in the 
direction of X, or the direction of Y, and will perform exposure processing similarly to the next shot field. 
[0044] 

Thus, since the inside of the wafer room WC is made filled with nitrogen gas and he is trying for gas 
components, such as a carbon dioxide, not to dissolve in Liquid w, the aligner EX of this operation gestalt 
can detect precisely the electric capacity of Hazama of the detection electrode Dl and Wafer W, and can 
find the distance of Hazama of projection optics PL and Wafer W in a high precision as the result. And since 
the front face of Wafer W can be doubled with the image surface of projection optics PL with a sufficient 
precision by moving the wafer stage 22 to a Z direction according to the found distance, a detailed pattern 
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can be faithfully imprinted on Wafer W. 
[0045] 

[The 2nd operation gestalt] 

Since the 1 st operation gestalt explained above was a configuration which supplies nitrogen gas in the wafer 
room WC containing the wafer stage 22 and the lower part section of Lens-barrel PC, its consumption of 
nitrogen gas increases. Moreover, the load lock chamber (un-illustrating) for performing carrying in and 
taking out of Wafer W, where the airtightness inside wafer room WC is maintained is needed. For this 
reason, with the configuration of the 1 st operation gestalt, the cost and the running cost of Aligner EX 
become high. Moreover, since it is the structure where the wafer stage 22 grade was sealed in the wafer 
room WC, maintenance nature also worsens. The aligner by the 2nd operation gestalt of this invention 
explained below supplies nitrogen gas to the perimeter of Liquid w locally that the above trouble should be 
canceled. 
[0046] 

The whole aligner configuration by the 2nd operation gestalt of this invention is a configuration of having 
excluded the nitrogen gas transfer unit 37, nitrogen gas recovery equipment 37, and the wafer room WC 
from the aligner EX by the 1st operation gestalt of this invention shown in drawing 1 . Drawing 2 is the 
sectional view showing the outline configuration of the important section of the aligner by the 2nd operation 
gestalt of this invention. In addition, in drawing 2 , the same sign is given to the member equivalent to the 
member shown in drawing 1 . The aligner of this operation gestalt equips the point by the side of the image 
surface of projection optics PL with the supply recovery plate 40 as supply stripping section material which 
collects the liquids w supplied while leading Liquid w between projection optics PL and Wafer W, and 
collects the nitrogen gas supplied while leading nitrogen gas to the perimeter of Liquid w locally as shown 
in drawing 2 . 
[0047] 

Drawing 3 is the cross-section perspective view showing the configuration of the supply recovery plate 40. 
The appearance configuration in which the supply recovery plate 40 was formed with synthetic quartz or 
fluorite is the member of an abbreviation rectangle configuration as shown in drawing 3 . The center section 
CR of the field which counters the wafer W of the supply recovery plate 40 is a field through which the 
exposure light IL through projection optics PL passes, this center section CR — the supply recovery plate 40 
is arranged at the point by the side of the image surface of projection optics PL so that the optical axis AX of 
projection optics PL may pass along a core mostly. Moreover, it is on a center section CR and the detection 
electrode D2 which forms some electrostatic-capacity sensors is formed in the part which does not shade the 
exposure light IL as shown in drawing 2 . In addition, the projection optics PL of this operation gestalt does 
not have at all same projection optics PL and optical property which were shown in drawing 1 , and the 
optical design including the supply recovery plate 40 is made. 
[0048] 

The liquid supply slot Gl, the liquid recovery slot G2, nitrogen gas supply slot G3, and the nitrogen gas 
recovery slot G4 are formed sequentially from the inside as two or more slots are formed in the field which 
counters the wafer W of the supply recovery plate 40 so that a center section CR may be surrounded, and 
shown in drawing 3 . Moreover, the liquid feeder 27 is connected to the liquid supply slot Gl through a 
supply pipe 29, and the liquid recovery system 28 is connected to the liquid recovery slot G2 through the 
recovery tubing 31 as shown in drawing 2 . Moreover, the nitrogen gas transfer unit 41 is connected to 
nitrogen gas supply slot G3 through a feed pipe 42, and nitrogen gas recovery equipment 43 is connected to 
the nitrogen gas recovery slot G4 through the exhaust pipe 44. Two or more holes (un-illustrating) are 
formed in each slot of the supply recovery plate 40, only the number of the holes formed in the 
corresponding slot branches, and the point of a supply pipe 29, the recovery tubing 3 1 , a feed pipe 42, and 
an exhaust pipe 44 is connected to the hole of a slot which corresponds, respectively. 
[0049] 

Nitrogen gas supply slot G3 f s being formed is leading nitrogen gas to the perimeter of Liquid w locally, and 
extruding the atmospheric air around Liquid w so that the liquid supply slot Gl and the liquid recovery slot 
G2 may be surrounded, and it is for preventing that gas components, such as a carbon dioxide in 
atmospheric air, dissolve in Liquid w. Moreover, if the nitrogen gas from nitrogen gas supply slot G3 is 
spread in atmospheric air (inside of the big chamber which is not illustrated [ which contains Aligner EX ]), 
effect will arise from a difference with the refractive index of nitrogen gas and atmospheric air in 
measurement of laser interferometer 24 grade. In order to prevent this effect, the nitrogen gas recovery slot 
G4 is formed so that nitrogen gas supply slot G3 may be surrounded, and he collects from the nitrogen gas 
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recovery slot G4 all the nitrogen gas supplied from nitrogen gas supply slot G3, and is trying to exhaust it. 
[0050] 

When performing exposure processing to Wafer W, the main control system 25 makes Wafer W and Reticle 
R carry in, and is made to hold on a reticle stage 20 and the wafer holder 21 first in the above-mentioned 
configuration, respectively. Next, the main control system 25 outputs a control signal to the liquid feeder 27 
and the liquid recovery system 28, and it collects the supplied liquids w from the liquid recovery slot G2 
through the recovery tubing 3 1 while it supplies Liquid w between the liquid supply slot Gl to the supply 
recovery plates 40 and Wafers W which were formed in the supply recovery plate 40 through the supply 
pipe 29. 
[0051] 

Moreover, the main control system 25 outputs a control signal to the nitrogen gas transfer unit 41 and 
nitrogen gas recovery equipment 43, and supplies nitrogen gas to the perimeter of Liquid w from nitrogen 
gas supply slot G3 through a feed pipe 42. The atmospheric air around Liquid w is extruded by this, and the 
perimeter of Liquid w will be in the condition of being locally covered with nitrogen gas. The nitrogen gas 
locally supplied to the perimeter of Liquid w is collected and exhausted by nitrogen gas recovery equipment 
43 through an exhaust pipe 44 from the nitrogen gas recovery slot G4. In this condition, after the main 
control system's 25 moving a reticle stage 20 and the wafer stage 22 to a scanning direction SD and 
becoming a predetermined rate, the pattern of Reticle R is imprinted by the shot field of Wafer W like the 
1 st operation gestalt by making the exposure light IL inject from the exposure light source 1 . 
[0052] 

In addition, while imprinting the pattern of Reticle R, the main control system 25 controls the alternating 
voltage impressed to the detection electrode D2 so that the current (displacement current) which flows 
between the detection electrodes D2 and Wafers W which were formed in the supply recovery plate 40 may 
become fixed. The electric capacity of Hazama of the detection electrode D2 and the wafer W in touch- 
down potential is detected from the current which is flowing, and the alternating voltage currently 
impressed, and the distance of Hazama of projection optics PL and Wafer W is found from this detection 
result. And according to this distance, the wafer stage 22 is moved to a Z direction, and the front face of 
Wafer W doubles with the image surface of projection optics PL. If the exposure processing to one shot 
field is completed, the main control system 25 will make the step migration of the wafer stage 22 carry out 
in the direction of X, or the direction of Y, and will perform exposure processing similarly to the next shot 
field. 
[0053] 

Thus, since he is trying for gas components, such as a carbon dioxide, not to dissolve the aligner EX of this 
operation gestalt in Liquid w by supplying nitrogen gas to the perimeter of the liquid w supplied between 
projection optics PL (supply recovery plate 40) and Wafer W locally, The electric capacity of Hazama of the 
detection electrode D2 and Wafer W can be precisely detected by low cost, and the distance of Hazama of 
projection optics PL and Wafer W can be found in a high precision as the result. And since the front face of 
Wafer W can be doubled with the image surface of projection optics PL with a sufficient precision by 
moving the wafer stage 22 to a Z direction according to the found distance, a detailed pattern can be 
faithfully imprinted on Wafer W. Moreover, since there is little consumption of nitrogen gas, it can reduce a 
running cost, and does not worsen maintenance nature further while it can suppress a cost rise of Aligner 
EX, since the aligner EX of this operation gestalt has not formed the wafer room WC which seals the wafer 
control unit WO like the 1 st operation gestalt. 
[0054] 

[The 3rd operation gestalt] 

Next, the 3rd operation gestalt of this invention is explained. The whole aligner configuration of this 
operation gestalt is the same as that of the 2nd operation gestalt almost. That is, it is the configuration of 
having excluded the nitrogen gas transfer unit 37, nitrogen gas recovery equipment 37, and the wafer room 
WC from the aligner EX by the 1st operation gestalt of this invention shown in drawing 1 . Drawing 4 is 
drawing showing the wafer stage with which the aligner by the 3rd operation gestalt of this invention is 
equipped, (a) is a plan and (b) is the cross-section view Fig. of the A-A line shown in (a), in addition, 
drawing 4 — even if it is, the same sign is given to the member equivalent to the member shown in drawing 
1 . 

[0055] 

The aligner of this operation gestalt is equipped with the metal ring 50 as a metal member arranged so that 
Wafer W may be surrounded on the wafer stage 22 as shown in drawing 4 . At the edge of Wafer W, this 
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metal ring 50 is formed in order to prevent turbulence of the line of electric force from the detection 
electrode attached in projection optics PL. In addition, about the detail of turbulence prevention of line of 
electric force, it mentions later. The surface location is set up almost identically to the surface location of 
Wafer W, and the metal ring 50 is grounded so that the potential may become equal to touch-down potential. 
Since there is tolerance of thickness in Wafer W, it is not necessary to make the surface location of a metal 
ring 50 completely in agreement with the surface location of Wafer W. Although the quality of the material 
of this metal ring 50 is not restricted, the stainless steel which has corrosion resistance, for example is 
desirable. In addition, migration mirror 23 Y prolonged in the direction of X for measuring the positional 
information of migration mirror 23X prolonged in the direction of Y for measuring the positional 
information of the direction of X and the direction of Y is prepared in the edge on the wafer stage 22. 
[0056] 

Here, the detection electrode prepared in projection optics PL is explained to a detail. Drawing 5 is drawing 
showing the configuration of the detection electrode prepared in an electrostatic-capacity sensor. The 
electrostatic-capacity sensor D10 is attached to the field suitable for the wafer W side of the optical element 
LI of the optical elements contained in projection optics PL (the so-called point ball) most located in an 
image surface side two or more picking. In the example shown in drawing 5 , the electrostatic-capacity 
sensor D10 faces across the passage field T of the exposure light IL of the shape of a slit extended in the 
direction of X in the direction of Y, and is arranged with regular intervals in the direction of X. The 
electrostatic-capacity sensor D10 arranged in the direction of -Y to the passage field T It is used in order to 
measure the distance of Hazama of projection optics PL and Wafer W, when exposing moving Wafer W in 
the direction of +Y. Conversely, the electrostatic-capacity sensor D10 arranged in the direction of +Y to the 
passage field T is used in order to measure the distance of Hazama of projection optics PL and Wafer W, 
when exposing moving Wafer W in the direction of -Y. 
[0057] 

The electrostatic-capacity sensor D10 is constituted including the guard electrodes D12 as the sensor 
electrode Dl 1 as a detection electrode extended in the direction of Y, and an auxiliary electrode prepared so 
that the sensor electrode Dl 1 might be surrounded, the line of electric force with which the sensor electrode 
Dl 1 is an electrode used in order to detect the electric capacity of Hazama with the grounded wafer W, and 
guard electrodes D12 are extended from the sensor electrode Dl 1 to Wafer W — it is an electrode for 
preventing the deflection of the line of electric force in an inner edge. 
[0058] 

Here, when the sensor electrode Dl 1 and the grounded wafer W are judged an parallel plate capacitor, the 
electric capacity C of an parallel plate capacitor is expressed with the following (1) types. 
Oepsilon r-epsilon O.S/d .... (1) 

In the above-mentioned (1) formula, the area of the part with which, as for the specific inductive capacity of 
the matter (for example, pure water) with which the dielectric constant of vacuum and epsilonr are arranged 
for epsilon 0 between the sensor electrode Dl 1 and Wafer W, and S, the sensor electrode Dl 1 and Wafer W 
lap, and d are the distance of the sensor electrode Dl 1 and Wafer W. 
[0059] 

The above-mentioned (1) formula is a formula realized when all the line of electric force of Hazama of the 
sensor electrode Dl 1 and Wafer W is parallel, and in order to turn at line of electric force in the edge of an 
parallel plate capacitor only in the case of an parallel plate capacitor, the capacity of an parallel plate 
capacitor becomes the thing [ formula / above-mentioned (1) ] shifted. With this operation gestalt, the 
alternating voltage impressed so that the current which flows to an parallel plate capacitor may become 
fixed is adjusted, the electric capacity of an parallel plate capacitor is detected, and the distance of Hazama 
of projection optics PL (sensor electrode Dl 1) and Wafer W is found from this detection result. 
[0060] 

For this reason, when the detection error of the electric capacity of an parallel plate capacitor arises under 
the effect of the deflection of the line of electric force in an edge, the measurement precision of the distance 
of Hazama of projection optics PL and Wafer W will get worse. In order to prevent aggravation of this 
measurement precision, with this operation gestalt, guard electrodes D12 were formed so that the sensor 
electrode Dl 1 might be surrounded, and the deflection of the line of electric force in the edge of the line of 
electric force from the sensor electrode Dl 1 is prevented by impressing alternating voltage [ being the same 
as that of the alternating voltage impressed to the sensor electrode Dl 1 (inphase) ] to guard electrodes D12. 
[0061] 

The detection pad section PD 1 to which area was set greatly is formed in the end of the sensor electrode 
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Dl 1 rather than other parts, and the connection pad section PD 2 by which the signal line for impressing 
alternating voltage to the sensor electrode Dl 1 is connected to the other end is formed. Moreover, guard 
electrodes D12 have the almost fixed width of face of a pattern, it is set as the configuration which encloses 
the sensor electrode Dl 1 with a predetermined clearance to the sensor electrode Dl 1, and the connection 
pad section PD 3 for impressing alternating voltage [ being the same as that of the alternating voltage 
impressed to the sensor electrode Dl 1 (inphase) ] to guard electrodes D12 is formed in the end. 
[0062] 

The center section of the optical element LI is almost flat, and the outside inclines so that, as for a 
periphery, a" surface location may be located in + Z direction. The detection pad section PD 1 is formed in 
the flat part of an optical element LI, and the connection pad sections PD2 and PD3 are formed in the 
periphery toward which the optical element LI inclines. For this reason, when Wafer W has been arranged 
under the projection optics PL (- Z direction), since the detection pad section PD 1 will be arranged in the 
location which approached Wafer W rather than the connection pad sections PD2 and PD3, the line of 
electric force from the connection pad sections PD2 and PD3 can lessen extremely effect which it has on 
measurement. In addition, the flat part of an optical element LI is covered the whole surface other than the 
passage field T and the formation part of the electrostatic-capacity sensor D10, and the earth electrode D20 
is formed in it. 
[0063] 

Next, the line of electric force of Hazama of the electrostatic-capacity sensor D10 and Wafer W is 
considered. Drawing 6 is drawing for explaining the line of electric force of Hazama of the electrostatic- 
capacity sensor D10 and Wafer W. In addition, in drawing 6 , while omitting illustration of projection optics 
PL, the electrostatic-capacity sensor D10 is simplified and illustrated, and the liquid w further supplied 
between projection optics PL and Wafer W is omitting illustration. 
[0064] 

First, one of the electrostatic-capacity sensors D10 considers the case where it is located above the center 
section of Wafer W as shown in drawing 6 (a). In this case, the line of electric force from the sensor 
electrode Dl 1 becomes almost parallel with the line of electric force formed of guard electrodes D12. For 
this reason, it can consider that the sensor electrode Dl 1 and Wafer W are ideal parallel plate capacitors, and 
the above-mentioned (1) type can be applied. 
[0065] 

Next, when one of the electrostatic-capacity sensors D10 is located above the edge of Wafer W as shown in 
drawing 6 (b), some line of electric force from the electrostatic-capacity sensor D10 will come to carry out 
incidence toward the side face of Wafer W, and line of electric force will bend remarkably. In the example 
shown in drawing 6 (b), the line of electric force from guard electrodes D12 is carrying out incidence to the 
side face of Wafer W, and incidence of the line of electric force of the sensor electrode Dl 1 has not been 
carried out to the side face of Wafer W. However, it will turn also at the line of electric force from the 
sensor electrode D in response to the effect of the deflection of the line of electric force from guard 
electrodes D12. By this, the electric capacity of Hazama of the sensor electrode Dl 1 and Wafer W changes, 
and the measurement error of the distance of Hazama of projection optics PL and Wafer W arises as the 
result. 
[0066] 

On the other hand, with this operation gestalt, on the wafer stage 22, a metal ring 50 is formed so that Wafer 
W may be surrounded, and, moreover, the height of the surface location of a metal ring 50 is made to be the 
same as that of the surface location of Wafer W as shown in drawing 6 (c). For this reason, like drawing 6 
(b), even if the electrostatic-capacity sensor D10 is located above the edge of Wafer W, incidence of the line 
of electric force from guard electrodes D12 is carried out to a metal ring 50, without bending greatly, and 
the line of electric force of the condition which showed in drawing 6 (a) mostly is obtained. Consequently, 
the line of electric force from the sensor electrode Dl 1 can prevent the situation of bending greatly in 
response to the effect of the line of electric force of guard electrodes D12, and the measurement error of the 
distance of Hazama of projection optics PL and Wafer W is hardly produced. 
[0067] 

Even if the electrostatic-capacity sensor D10 is located above the center section of Wafer W by forming a 
metal ring 50 in the perimeter of Wafer W, and located above the edge, the distance of Hazama of projection 
optics PL (electrostatic-capacity sensor D10) and Wafer W can be measured precisely. Consequently, even 
if it is the case where which field of the shot field located in the shot field located in the center section of 
Wafer W and the edge of Wafer W is exposed, the front face of Wafer W can be exposed in the condition of 
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doubling with the image surface of projection optics PL. 
[0068] 

Moreover, when a metal ring 50 is formed in the perimeter of Wafer W, the liquid w supplied between 
projection optics PL and Wafer W will be held also on a metal ring 50. For this reason, as for a metal ring 
50, it is desirable to give water-repellent coats, such as for example, a fluorine coat. Drawing 7 is drawing 
showing signs that Liquid w is held with a metal ring 50. The covering 51 which has water repellence is 
formed in the front face of a metal ring 50. It can prevent that Liquid w leaks on the wafer stage 22 
immediately, and falls from the edge of Wafer W by forming a metal ring 50 in the perimeter of Wafer W, 
and Liquid w can prevent infiltrating into the clearance between Hazama of Wafer W and a metal ring 50 by 
forming the covering 51 which has water repellence on a front face in a metal ring 50. 
[0069] 

When Liquid w leaks on the wafer stage 22 and falls, there is a possibility of infiltrating into the wafer stage 
22 interior and making the components of the wafer stage 22 corroding. Moreover, if Liquid w remains on 
the wafer stage 22, it will become the factor which forms a water mark in the optical element which Liquid 
w evaporated and was prepared in projection optics PL, or takes heat of vaporization, and causes 
temperature fluctuation of the wafer stage 22. Such faults can be prevented with this operation gestalt. 
[0070] 

In addition, since the case where pure water is used as a liquid w here was considered, the covering 5 1 
which has water repellence was formed in the metal ring 50, but when using an oleophilic thing as a liquid 
w, it is desirable to use what has oil repellency as covering 5 1 . Of course, covering of water-repellent and 
oil-repellent both may be made. Moreover, although the whole may be formed with the metal, the above- 
mentioned metal ring 50 can attain lightweight-izing of a metal ring 50, as a result lightweight-ization of the 
wafer stage 22, if what performed metal plating is used for the ceramics etc. Moreover, when Liquids w are 
not nonconductors, such as pure water, in order to prevent leakage current, it is desirable to use what carried 
out the coat of the insulator layer on the surface of the metal. 
[0071] 

As mentioned above, although the operation gestalt of this invention was explained, this invention is not 
restricted to the above-mentioned operation gestalt, but can be freely changed within the limits of this 
invention. For example, in the 1 st operation gestalt mentioned above, although the inert gas locally supplied 
to the perimeter of Liquid w was used in the 2nd operation gestalt mentioned above, using nitrogen gas as 
inert gas supplied to the wafer room WC, halogen gas (Ar, Kr) etc. can also be used in addition to nitrogen 
gas. 
[0072] 

In addition, in the above-mentioned operation gestalt, as the exposure light source 1 , since the ArF excimer 
laser is used, pure water is used as a liquid w. Pure water has an advantage without the bad influence to a 
photoresist, an optical element (lens), etc. on Wafer W while being able to come to hand in large quantities 
easily by a semi-conductor plant etc. Moreover, since the content of an impurity is very low, pure water can 
also expect the operation which washes a wafer W front face and the front face of an optical element 
established in the apical surface of projection optics PL, while not having a bad influence to an environment. 

[0073] 

Since the refractive index n of the pure water(water) to the exposure light whose wavelength is about 193nm 
is about 1.44, when ArF excimer laser light (wavelength of 193nm) is used as the light source of exposure 
light, on Wafer W, it is short-wavelength-ized by 1/n, i.e., about 134nm, and high resolution is obtained. 
Furthermore, when what is necessary is just to be able to secure the depth of focus comparable as the case 
where it is used in air since the depth of focus is expanded [ be / it / under / air / comparing ] to about n 
times, i.e., about 1 .44 times, it can make the numerical aperture of projection optics PL increase more, and 
its resolution improves also at this point. 
[0074] 

In addition, a KrF excimer laser and F2 laser light source can also be used as the exposure light source 1 
used for immersion exposure. What is necessary is just to use the liquid of fluorine systems, such as fault 
fluorine system oil [ which can penetrate F2 laser beam as a liquid for immersion exposure / for example, ], 
polyether, etc. fluoride (PFPE), when using F2 laser light source. Moreover, in addition to this, there is 
permeability over exposure light, a refractive index is high as much as possible, and it is also possible to use 
a stable thing (for example, cedar oil) to the photoresist applied to projection optics PL and a wafer W front 
face. Since absorption by atmospheric air is small when using a KrF excimer laser as the exposure light 
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source 1 , the illumination system chamber IC and the reticle room RC are omissible. 
[0075] 

Moreover, this invention is applicable also to the aligner of the twin stage mold which laid processed 
substrates, such as a wafer, separately and was equipped with two independently movable stages in the XY 
direction as indicated by JP,10-163099,A, JP, 10-2 14783, A, the ** table No. 505958 [ 2000 to ] official 
report, etc. 
[0076] 

Furthermore, the single wavelength laser beam of the infrared region oscillated from DFB semiconductor 
laser or a fiber laser as the light source or a visible region may be amplified with the fiber amplifier with 
which the erbium (or both an erbium and ITTORIBIUMU) was doped, and the higher harmonic which 
carried out wavelength conversion may be used for ultraviolet radiation using a nonlinear optical crystal. For 
example, if oscillation wavelength of single wavelength laser is made into within the limits of 1 .51-1 .59 
micrometers, the 1 0 time higher harmonic which is within the limits the 8 time higher harmonic which is 
within the limits whose generating wavelength is 189-199nm, or whose generating wavelength is 151- 
159nm will be outputted. 
[0077] 

If the ultraviolet radiation from which generating wavelength will turn into the same wavelength mostly if 
oscillation wavelength is especially made into within the limits of 1.544-1.553 micrometers, the 8 time 
higher harmonic, i.e., the ArF excimer laser light, within the limits which are 193-194nm, is obtained and 
oscillation wavelength is made into within the limits of 1.57-1.58 micrometers, the ultraviolet radiation from 
which generating wavelength turns into the same wavelength with the 1 0 time higher harmonic within the 
limits which are 157-158nm, i.e., F2 laser beam, mostly will be obtained. Moreover, if the 7 time higher 
harmonic which is within the limits whose generating wavelength is 147-160nm when oscillation 
wavelength is made into within the limits of 1.03-1.12 micrometers is outputted and especially oscillation 
wavelength is made into within the limits of 1 .099-1.106 micrometers, the ultraviolet radiation from which 
generating wavelength turns into the same wavelength with the 7 time higher harmonic within the limits 
which are 157-158 micrometers, i.e., F2 laser beam, mostly will be obtained. In this case, as single 
wavelength oscillation laser, for example, an ITTORIBIUMU dope fiber laser can be used. 
[0078] 

Moreover, when using vacuum-ultraviolet light with a wavelength of 1 57nm as an exposure light IL, this 
exposure light IL is absorbed by oxygen (02), water (steam: H20), a carbon monoxide (CO), carbon 
dioxide gas (carbon dioxide: C02), the organic substance, the halogenide, etc. On the other hand, this 
exposure light IL is hardly absorbed by rare gas, such as helium (helium), neon (Ne), an argon (Ar), a 
krypton (Kr), a xenon (Xe), and a radon (Rn), at nitrogen gas (N2) and hydrogen (H2), and a list. Although 
the case where nitrogen gas was used as penetrable gas was mentioned as the example and the operation 
gestalt mentioned above explained it, hydrogen gas or these rare gas can also be used in addition to nitrogen 
gas. 
[0079] 

Nitrogen gas can act as extinction matter to light about 1 50nm or less, and wavelength can use gaseous 
helium as penetrable gas to the wavelength of about lOOnm. Moreover, thermal conductivity is about 6 
times the nitrogen gas, and since the amount of fluctuation of the refractive index to an allobar is about 1 of 
nitrogen gas/8, gaseous helium is especially excellent in high permeability, and the stability and cooling 
nature of an image formation property of optical system. In addition, since it is expensive, as long as the 
wavelength of exposure light is 150nm or more like F2 laser, gaseous helium may use nitrogen gas as the 
penetrable gas in order to reduce operation cost. 
[0080] 

Moreover, although the aligner of step - and - scanning method was mentioned as the example and the 
operation gestalt mentioned above explained it, this invention is applicable also to the aligner of a step-and- 
repeat method. Furthermore, this invention is applicable to the aligner used for manufacture of image 
sensors, such as an aligner which is used for manufacture of the display not only containing the aligner used 
for manufacture of a semiconductor device but a liquid crystal display component (LCD) etc., and imprints a 
device pattern to up to a glass plate, an aligner which is used for manufacture of the thin film magnetic head, 
and imprints a device pattern to up to a ceramic wafer, and CCD. Furthermore, in order to manufacture the 
reticle or mask used with an optical aligner, an EUV aligner, an X-ray aligner, an electron ray aligner, etc., 
this invention is applicable also to the aligner which imprints a circuit pattern to a glass substrate or a silicon 
wafer. Generally with the aligner using DUV (far-ultraviolet) light, VUV (vacuum ultraviolet) light, etc., a 
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transparency mold reticle is used here, and quartz glass, the quartz glass with which the fluorine was doped, 
fluorite, magnesium fluoride, or Xtal is used as a reticle substrate. Moreover, in the X-ray aligner or electron 
ray aligner of a pro squeak tee method, a transparency mold mask (a stencil mask, membrane mask) is used, 
and a silicon wafer etc. is used as a mask substrate. In addition, such an aligner is indicated by WO 99/No. 
34255, WO 99/No. 50712, WO 99/No. 66370, JP,1 1-194479,A, JP,2000-12453,A, JP,2000-29202,A, etc. 
[0081] 

Next, the operation gestalt of the manufacture approach of the micro device which used the aligner and the 
exposure approach by the operation gestalt of this invention at the lithography process is explained. Drawing 
8 is a flow chart which shows an example of the production process of micro devices (semiconductor chips, 
such as IC and LSI, a liquid crystal panel, CCD, the thin film magnetic head, micro machine, etc.). As 
shown in drawing 8 , first, in step S10 (design step), the function and engine-performance designs of a micro 
device (for example, circuit design of a semiconductor device etc.) are performed, and the pattern design for 
realizing the function is performed. Then, in step SI 1 (mask manufacture step), the mask (reticle) in which 
the designed circuit pattern was formed is manufactured. On the other hand, in step SI 2 (wafer manufacture 
step), a wafer is manufactured using ingredients, such as silicon. 
[0082] 

Next, in step SI 3 (wafer processing step), an actual circuit etc. is formed on a wafer with a lithography 
technique etc. so that the mask and wafer which were prepared at step S10 - step S12 may be used and 
mentioned later. Subsequently, in step S14 (device assembly step), device assembly is performed using the 
wafer processed at step SI 3. A dicing process, a BONTINGU process, and processes, such as a packaging 
process (chip enclosure), are included in this step S14 if needed. Finally, in step SI 5 (inspection step), the 
check test of the micro device produced at step S14 of operation, an endurance test, etc. are inspected. After 
passing through such a process, a micro device is completed, and this is shipped. 
[0083] 

Drawing 9 is drawing showing an example of the detailed flow of step SI 3 of drawing 8 in the case of a 
semiconductor device. In drawing 9 , the front face of a wafer is oxidized in step S21 (oxidation step). An 
insulator layer is formed in a wafer front face in step S22 (CVD step). In step S23 (electrode formation 
step), an electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer in step S24 (ion 
implantation step). Each of the above step S21 - step S24 constitutes the head end process of each phase of 
wafer processing, and is chosen and performed according to required processing in each phase. 
[0084] 

In each phase of a wafer process, after an above-mentioned head end process is completed, as it is the 
following, a tail end process is performed. By down stream processing, a sensitization agent is first applied 
to a wafer in step S25 (resist formation step) after this. Then, in step S26 (exposure step), the circuit pattern 
of a mask is imprinted to a wafer by the lithography system (aligner) and the exposure approach which were 
explained in the top. Next, the wafer exposed in step S27 (development step) is developed, and the exposed 
member of parts other than the part into which the resist remains is removed by etching in step S28 (etching 
step). And the resist which etching ended and became unnecessary is removed in step S29 (resist removal 
step). By carrying out by repeating the head end process and tail end process of these, a circuit pattern is 
formed on a wafer multiplex. 
[0085] 

If the micro device manufacture approach of this operation gestalt explained above is used, in an exposure 
process (step S26), Wafer W will be exposed in the condition of doubling with the image surface of 
projection optics PL precisely. For this reason, the detailed pattern formed in Reticle R can be precisely 
imprinted to up to Wafer W, and the device of a high degree of integration which has a pattern detailed as a 
result can be produced with the sufficient yield. 
[Brief Description of the Drawings] 
[0086] 

[Drawing 1] It is drawing showing the outline configuration of the aligner by the 1 st operation gestalt of this 
invention. 

[Drawing 2] It is the sectional view showing the outline configuration of the important section of the aligner 
by the 2nd operation gestalt of this invention. 

[Drawing 3] It is the cross-section perspective view showing the configuration of the supply recovery plate 
40. 

[Drawing 4] It is drawing showing the wafer stage with which the aligner by the 3rd operation gestalt of this 
invention is equipped. 
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[Drawing 5] It is drawing showing the configuration of the detection electrode prepared in an electrostatic- 
capacity sensor. 

[Drawing 6] It is drawing for explaining the line of electric force of Hazama of the electrostatic-capacity 
sensor D10 and Wafer W. 

[Drawing 7] It is drawing showing signs that Liquid w is held with a metal ring 50. 

[Drawing 8] It is the flow chart which shows an example of the production process of a micro device. 

[Drawing 9] It is drawing showing an example of the detailed flow of step SI 3 of drawing 8 in the case of a 

semiconductor device. 

[Description of Notations] 

[0087] 

25 Main Control System (Detection Equipment) 

37 Nitrogen Gas Transfer Unit (Gas Transfer Unit) 

3 8 Nitrogen Gas Recovery Equipment (Gas Recovery Equipment) 

40 Supply Recovery Plate (Gas Transfer Unit, Gas Recovery Equipment) 

4 1 Nitrogen Gas Transfer Unit (Gas Transfer Unit) 

43 Nitrogen Gas Recovery Equipment (Gas Recovery Equipment) 

50 Metal Ring (Metal Member) 

Dl Detection electrode (detection equipment) 

D2 Detection electrode (detection equipment) 

D10 Electrostatic-capacity sensor (detection equipment) 

Dl 1 Sensor electrode (detection electrode) 

D12 Guard electrodes (auxiliary electrode) 

EX Aligner 

Gl Liquid supply slot (the 1st slot) 
G2 Liquid recovery slot (the 2nd slot) 
G3 Nitrogen gas supply slot (the 3rd slot) 
G4 Nitrogen gas recovery slot (the 4th slot) 
PL Projection optics 
W Wafer (substrate) 
w Liquid 

WC Wafer room (gas transfer unit) 
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) %MTI1S (W) (EX) fcfcl^T, M f fi *S » ft M <D It ffi <SWfC 

s (di i) ^Hutea«t«^o«^^«*^mbTHii82S^7t¥^i:suie»«^cora(D 

^g6^r^46§^tB^B (2 5, D 1 0) fflJE»«<D«Ht<:RW-e.n, « ffi ffl « *^ 3B 
S«cO«Eia«t{5(?[Rl-{ClS^$n/-c^RgP« C.50) t;&ffif;tSC LTV> 

3t «1 S % ff 3 B ft I 8 (S 2 6) 4: , WKBftie**I;fc2S*{<DSl«*:fr$Sl»ie (S 
27) t^'&tS'C £ % ¥f$k t Ltl/ 1 ?. 
cofBUIlfcfcSfc, ±E®Bft«Bfc»tt6n5«aKB©*fta*SBfc:S"3^T3S«© 

[ 58 RE O $o0 m 1 
[001 1 ] 

[fgWfc^Sfc-rSfci&Ogm©^*®] 
[001 2 ] 

«T, 0ffi^#SP>LT*f8B^(D||)5l0fi|tcJ;5M) 1 6SHRc>"7 J ^WXSjfi^rffi(co^T 

# iffl m m t & o 
[00 1 3 ] 
cm 1 mm mm: 

*5l,>Tfi, Bft»BEX©-as*«J!Jfcl^T075LTV*. 0 1 C/TtSJtSBE Xli, 40 
« B ft 3 s JS P L fc«7i AWi:OIBKK«iw*«l&Loo«)t*fT3ii!(gao83tSiBlf* 
oT, 01 fp-CQ&Bft^&P LiCjstLTVX^fcLTOl/f^yl/RiSffitLTiO^iA 

[00 1 4 ] 

PAT (DiftWlc te^T li , 04UC^bfcXYZii:&ffi*f^£:i35£L> COX Y ZESS 
M^^#lLoo#aittOfiIii(i:o^Tliflf§, xyzB£B«?&W:, xttaif 
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[0015] 

EMK^Lfcggft^BEXB, fig EE ft ^ 5fc I S, U?-*;I/»f|s»RCK g|)t?|PL 

, &tf«>x^»ffa5wotc^:sij*nTfet), si w ft m & i s , u * t> tim & ac r o , & t>* 
nt^§. io 

COO 1 63 

m m % f- * y * i coTascas^^isi o # & o # it e> n t v & . cosjt^s 1 o 
■y i» * s . s ft ft im oA^ii^fty/n crtc»(ii?nfe»)fi«i l ( x * ;i/ ^ e 

— A ) B , 57-1 1T+Z7j|*ncffi|a];*tt, fift^K^Sftli^ft^fefriiSfcAi)©^ 
07*© gftilJlSIK &tf,iBfl^coBrffig«©I» £: ft»f|sijap t ? kT-2*Mft¥^ 1 
2^frLTt7"f-f*/l/^>'fyi/-^ ( * * S> * If - ) tL,T<077^f7^L'>X 
( X fct p >v F1/>X) 1 3(cAKt§ = 

[00 1 7 ] 

77^7^1/^X1 3CQ»tmffi, BP % fi8 BJ! ft ¥ 3* I SOli ( « K ft 9* P LCHt 20 
ft^WKWtftfcffi) tc « M p IK 0 « ( ^ H * ) *^ JB ft t - * icfeoTIUKgffi 

\c ss e ? n x v s o m p & o « u [hi f5 o jq o v m k s & * «£ * n r « a> e> * *> , a 
% m m m © r & © m a & o , ft e © p m o , 4gssMn C4Hi) « © m □ 

nTfeO, |gft^-^^SKftLTP^PKO«^[Hltett£DJi«3-C ; [Hl$5$-y:Sili:tc«t»3, y 

©fgfttiKftSBE X©£#©Mfls*HEra{iPj»*-S£*J»5S2 5*'$i)itS, 
[00 1 8 ] 

77^7^1/yXl 3A^ttm?nTF^PK0«fC^jS^tlfcP»lPKD<DfBjn^lO^: 30 
jiilLfcgftftlLU:, 55- 1 4 ic i o T + Y tllfi] ^ nt« Ulz-UVXl 5* 
/(■ Lt Sif ^ 0 ^1'7'7-l'y H) I6(cjg-Ti, 0 c©HU&D«:, U-?-^;l/R©^ 

«*«S-r«HS8BWa»«0 (IS^7^ > F ) t , j£:iEfIft©BIJ&&lS&tf»7l$fi:^ 

Sfta5»^©ii^*i»±^*fe»k:»»Biiit!:«ia*nfcBr»Mwii»«t» ( ft 7 7 
icum frmicwT zn&mfr t>mfric?nrzm±icmm-£ tir is o , RjftfiawMu&o 

[00 1 9 ] 

ffi HP «E 0 1 6SrjIJ§LfcilftftI LB, 'J U - L- y X 1 7, $7-1 8, SJflWIf 40 

* y I COJtaaiicifjnftnyfy^l/yX^i Q^rJUMfCTYLTU^^yl/ROU^- 

^;i/iBfc®«*nfc*75rjK ( x u >y h « ) oMia*^-ftia^fl5T?)iifit§„ m ft 
ft m i o^e^yfy^i/yxsi 9jt«oi«cj:oTiB)t?si stf«sit$n, rs 

W ft 3 s IS i s © 8S ft ft i L © ft SS , BP sg ft ft if, i ofr^nyfyifl'yXii 9 * t? 

© ft S& R8 B£ ^ -v > I C K±oT«BB?hT^«. 
[ 0 0 2 0 ] 

M W ft ¥ % I S £ © S ft ft 1 LOt ti', Uf ^l/ROlfljBttrtO'<*->'0«tf 

IS IB f - U -fe > h U <y ^ & © ft M P L*7>LTiJrJE©t8KtesM (/? « fll *. fcT 1 / 4 X 

on ft mm cta»isi«) tcs»?ni.„ x /NW«««Atf c-yj^yi) x«s so 
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O I (silicon on insulator) <D P)fatf.(D & & 0 

[ 0 0 2 1 ] 

js»ftMp l b, v >xn oaaotfi?5^A,T«i?n5 0 # sn m «i b , 

mytft I LfcLTft£*tt«©ArFX*^vU— ■»ftt©Jfc*ffl</'>T^S. CI CD Ac 46 , JS 
Kt^^^P L^iSTSTtfl^CJiWtLTl^ P * B j£ C X B ig 5 (7 y ft * ;l/ 
i» : C a F 2 ) ^ ffl t> 6 n 5 o & PL#il*Sft^fft?co-gflB, Jg^ft^ 

LCOftftilAX^ft ( Z # (fi] ) {c^®)5I^aoxW{cTtT**ftXt±YWtcJFfT^MOja 

ox'?j\s \- vimicminz nr is *> , cft^cDytmm^it^m^^uzyxmm^ic^^rm 

ft, *HlflSMco*SI&ft^^PLB, ^*^h'J^| (BtfrlS) "P* 10 

o 

[ 0 0 2 2 ] 

o Oti^0^cOlx^-^;l/^-X±T'^3ZtiCO'i7x/NX^-i> - t|BimLT 

ft B ^ 0 ^ <0 U - +f =F * 1+ ic J; o T iS5 ffi JS ^ 1+ ifliJ 2 ft . £ co at M ffl R =g B £ co Uj ft £ 
tte»J»T53^lia — **0»S±*J»3K2 5*^6»©SiJ»««f::S-3U''TUf-^/bX'r 
-';20tfHSh5. 20 
[ 0 0 2 3 ] 

U- ^ ^ /l/ X — ^2 0, ^ i^© i'^^-X, SO*^i^©l/f i'/l/n-^f frf, 
U*-*yl/»flsaSROtf*lfi!lStt, U*-*>H*flsSI5ROrt©liJtttI L co ft SS , BP ^ 3 > -r 

T* co ft B & ffi p c ic m ffl t ft r S o 

[ 0 0 2 4 ] 

^xM&ftgBWOtCtJ^T, £ x W B ^ x /> * Jl/ # 2 1 IClIIKSISiJ ft^ 
t> x m * )]/ $ 2 1 B £ x /\ X -r - 2 2±iClS?nt^5. ft , ^iaW*^iA*;1/ 30 
*~ 2 1 ±l:fiS^?nT^§«iKt5^ttt, 0 x M W « * CO « (ft & % * (ft t *s b < * s 

j;oC7-x?n5„ sssfiPL (iSK7t¥^PL(c#$n^7t^^^co-5*»<oat 

^ ffi ffiiHc {4 g -f 3 ft 3* ill ? ) t^x^wi:coilco^raco'>^< J: fc - » fc tt , »at5« 

** « IS II S 2 7i!l>ei(*w^«^2n, MftMPL£^x/NWi:c0figcO£F E flK{S*S£ 
tlfc«f*wtt»a-rSKf*la|iRSB2 8 (c«fc t) 0 i& £ n £ „ 
[ 0 0 2 5 ] 

MW i: co ^ B 0 . 1 mm~^mmSjgcoiSPiT'$>§o CiOiSftwIJ, 0»J * B H$ 7j< T? & 5 „ 

^^P LCOMP^ ; Sr|nJ±$-lt^i:i:7b' 5 -c?t?)i:hfc(C, A r F x^i/? U-f jtlcMt 5 40 
© 1R '> & V "=> & § „ 
[ 0 0 2 6 ] 

f 2tt^0SO')iA^- X±Tfj>ZliLfclx^^;l/Xx — S>' 2 0 tmm 

&ujt-3o ^x/Nw^rZ73iS](c^«)$^s >>x/nwco^^ (xm, Yi, zmmv 

CO HI K ) « ft £ ■£ 2> o fiA^f-^2 2 co ± ffi co — WlcH:SiM2 3tfR9ttti-&ti 

t * •? , c:co^»)^2 8 k fa # t u - if ye * ** tH s u - -if t # tt 2 4 # » # e> n r ^ s 

o ')iAXf-S''2 2 co X 7? I*K Y7]|p]COffiB> &tfX«|0|gt)Oig|Eft ( tf <y ^ y S 
) , Ylt&cOlUOcOlHllEft ( P — U > 9 M ) , ZWcO[Hl0<O[5]$Eft lil/- 

if =f » at 2 4 {cioTKttja^wifl'j^nTfco, c co u - *f =? m it 2 4 co m m m r rj ± »i 50 
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'®& 2 5 6 $lj » 1f $g (C g "3 <^ T X -f - ^IHS 2 6%/rL-T^xMXT--^2 2 IK 
[ 0 0 2 7 ] 

ft 3* ? <D 9 % O « & # ffi $J E <i B T £ ft ^ ? © ^ x ;n W flue ft < ® (c t) # £ ft 

6 tb W H D 1 ?§A,TlSli?n5, ± flj V % 2 5 & m « ffi D 1 fCj?rJ£©JS«»**fr.& 
&»E«H:*eiinL, * ffi ( g (ft « «!) tf-£fcft«J:5fc:Hliin-r«ttBE€Mtt*'«<:fc'e 

Kft^&PLfc^x/NWfcOIHJtOffiliJfcJjli&S. f Lt, COEItI^^TXT-i?t 10 
Ml £ 2 6^/l'LT^iAXf-->*2 2£rZ^|6HC*£K)£-t±T, i AW(Og8?:gi^f 

[ 0 0 2 8 ] 

2 k & o it e> n s u - if t ^ ft 2 4*^<DU'-ifjt^:s*frs 
^ mm 2 3 it, m * <d ft & w<d s. ? - & z & z m -jtUDLfso^-iti^ssi 

jtfU 2©IIBiS:iBIJDllt5 7-t LTffll^ii?^ « * <D « J« # 

ilfflftl? 5 0 ^iAt>/l/^2 1 , ^iAXf-->*2 2, RD'^E^O^x/n^ — 

o ^x/NMH^g&wotfrajssft, ^x/Njftf^wwoow^rKUBasjRi: l r <o ? x 

^n-^^C^BTrOtfBBBSftTi^S,, 20 
[ 0 0 2 9 ] 

7- -is 2 2 , 11123, 1^ - -9 s T f$ It 2 4 , Xr-^IIl^2 6, i#«*&g|2 7S 
t>* $ f* lei IR Se ■ 2 8 £ fa § SB S , M tftc COT*SA^iAiWC!cJ;^T?g 
IStlT^S. i^k B 1 33 T tt H 3* * 18 16 ft 1/ T ^ 5 ^iAZf-i/'2 2 <D&W) 

ic& o mm, stfi#«i&8i2 7 Rzfmfo\B\i&mw 2 8 & zwzf %mwrp*Mi*wMti 

C, x/n£W C fc*4, rtg|5cDMmi4^{So fctttRT?9xMW©JRA&tf * Hi * ff r> It #> 
On-Fn^l (^0S) ^Kt^nT^S. S , B 1 *5 V T .« , ifttt$&Si2 

7 S.tf?Ki*lHlMX^S 2 8 *k V x /\ m W C CO ft m fC ^ It T V 5 > SEeS%5S<-T?)^46{c 30 

^ x /> S W C rticgittfc6v\ 

[ 0 0 3 0 ] 

i#«SS8!2 7 tt , *S ^ ft ¥ & P L t>?iAWi:<0^©'>4< tt- SB £ w jffi 
fc: "T fc #> <D t> CD T* 2d o T , II*;w5:iR§f 5 ? >^ , Jraffi* > A Ti(SS n5. 

<!<Di£ft{«iS=gfi2 7lC(i«i&f 2 9<D-iSffl5#«8l;£ftTfc»?, 2 9 © ftS fig SlUC 

ft M P L MiAWtOSO$^lClj*w^«|&$n5, 
[ 0 0 3 1 ] 

ig(*@lR8i2 K§l#>7\ ll]iRLfciKttw*:lRg*-S*>*$?*fiia.S. 7& 

01RSB2 8 K « El IR S 3 1 0-«SaJ^«««n, ilRf 3 1 <Dmt%%LlClZ®ltiiS X)l 3 40 
ZtfSaShT^S. &^ft¥^PLfc£xMW£<D|ffl©£fWK«i!&£ftfc^f*w{i, @ 
1R7X/1/3 2Rtf|sllRf 3 l*^L.Tffi»lHliR«K2 8K:|HliR*n*. Ctie.^i*:^^g 
12 7 RZfmte®W.l£W 2 8 « , ±*JtSH^2 5fC<i:&!WWSftSo 
[ 0 0 3 2 ] 

5 a $ & ft & s ■ 2 7 RzfWiwm >&mw 2 so^n^nwuT^jsufg^^a^L.T, * a 
mm^fz*) (omfcw (D&i&mjSirjmi&mzm®? 3 0 a* *> a w » £ <* »k * # w « « « ?t 
f Lt^xAwt©sic^st»4ir£it«$&?ti5o isa N b 1 K^tWT«, a ^ 

ft M P L fc l ?iAWtOfflO«*w?;')xAXf-i ; 2 2<0±3?^®lRUTt^S*^ 9 
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[ 0 0 3 3 ] 

B&iRO^&^jSiltttfXi: LTCSf^X-pi/iSn, *©«E*'*«£Ei:H8«tl/< 
t± <fc 9 iii < ( #J «\ * M J£ *t L T 0 . 00 1~10%(DlSHrtT-i§i<)K^^n^o 
mm^k=f- * y I C K 3 3 a, 3 3 b*', 1/f ^;l/iR C ti ^ g 3 3 c > 

MfQ p c cttT^io^lf i^ti^tigunr^So ft, ^fgiPCfcSMsn^^igi 

[ 0 0 3 4 ] 

iSM!3 3 a ~ 3 3 c <0 ft 4r fC (i , «*tfiffi«f»Jg^;I/:/ , fr6:a:Siffi«HS&««3 4 a 
~ 3 4 c^Ktt&nTfet), S » ft ^ % P LC8aSft5^H^Oll&af 0»KLft»« 

cne><D?5ftBI)iS$l#t3 4a~3 4ca§{i, I«f t^/U C, 1/f ^;l-iRC, StfM 

IB P Crt©ft¥JR^Ttt«e>nsft*©ffilffl<D*ffi*HS*-Sfctofc«tte,n, ± ffl ffl $ 

2 5 tiDft^fOttitfUilStii, 

[ 0 0 3 5 ] 

£ fc > I^If f CtCt±[5]lRW3 5 a, 3 5 b # , Uf?;HR C E (i [e] UX S 3 

isitsnsjtf i?T-tt«?>tv§5K©»f£tf»eLfc«^(:&oT^§, 0 ir e 3 5 a 

~3 5 c © ft 4r tc , ffl ffl m ffi 3 6 a ~ 3 6 c tfKIt SilT* t) , 81 fB P C fc « lift ;£ n S 

ft w % n s ft 4? © £ Peg t fe s n it m m # x % m m k t% a t z tc & ic ta it 5 n t & 0 , ± 

ffl fli Jfc 2 5 tc J: *) ft 4r <D ffl ffl Wi ft # ffl ffl £ ft 5 0 
[ 0 0 3 6 ] 

MtC> ^lASWCKIi, ± 12 CD ft S 3 3 a ~ 3 3 
tc M £ ft fc ^ S 1± # X t LT (DW.mi3 X * « |& "T «l 

wc rtfc^iesnfcSjRtfxfciHiiK-rssjRtfxiaiRS 

ts c it, }Kfrw<o«s[ei»*x{4«*sis*a^b*^s«f*«» ( w * a\ ^ m ^ <d - 
s 46 ic m if n t t> & „ 

[ 0 0 3 7 ] 

m as l fc a o , »ttg«-fe>"»Mi, a»)t*^PL»i:ffiof*i*6tife*m*aDii:» 

T- £ ft «" 1$ til ^ ® d i i:«>i/>w4:o|ffltc{iKffi«i»<o*^«ins. l^Lft^B, — |ft 

K««esis(s^«i»tc±»-r*ci:^3aie.nTv^sfei&, *g ?j< * * « k m n « -a- 5 c t a 

[ 0 0 3 8 ] 

4* til IB D l^»lftfffiItn(f'J-^li5it«:K±t^i:i:tT't§*\ *6 £8 T* M 



c ^ £ BU <B E , ■> x '\ ^ W C 

13 8 fcA^nfniSRsnT^ 
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[ 0 0 3 9 ] 

^tc, ±ia«fi5ttc*5iti.^7 1 6SBo»jft(co^TUiwr ^>o £ ?\ ±1111x2 sa, m 
^clg^tp>nfc^lll^^^^Dl±^^z>'■9■cD^m*s*^ca-i^v^Tj?s«ii^^1t3 4 a ~ 3 4 c^n 
&tfMi9PCrto«**^Ttt«e.ns*'*osiHirtoEE**fflgijte»JW , r*o * , 2 

3fi#X0tl&««3 7&tfg|?S;tfX|5|i&=6B3 8©*4rfcWJ»fl8^%a*LT, x /n ^ W 
[ 0 0 4 0 ] 

^liOD- Hp ^SSriYLT^x/N^WC fllciX LT ■> i a*;^ 2 1 ± JC % B ;£ 

■tt S „ * , *? x W <D m A * tf o T !/•> § , ± ftj ?6 2 5ti^0^«DU^^;l/7-l'^ p, 7 

U*>6Sr^Ol/f ^^iALTl/f ^;l/Xf-->'2 0±{C«B£-t£3 o £ftJSH^2 5 <D 

ffrjfflicDT, ii^f + ^a- i c> i/f^HRC, &tf«WPci*j©ft¥jR : ?' , cffc«je>ft. 

, ±MWZk 2 5t«*«fegl2 7&tf«{*la|lKSs«2 8 $ij ffll {g £ ft 73 iT 3 0 
[ 0 0 4 1 ] 

C ft (C J: <3 , f£ f* « *S ^ fi 2 7*6ft»S2 9&tf«f&yX^3 O^IHUC^LTSlgft 

*3RPLi:^x/NWi:«>iai<oSlffl©i^*<i:t>-»k:»<*wjy«l&*tiS. c <: -p , >7 x 

W t © fig tc « *S £ ft fc r« {* w «; Ih] iR y X 4/ 3 2 & 0 UX g 3 l *KRK:fl-LT«{*l§UKg|l 
2 8 II iJX £ ft 3 <, 
[ 0 0 4 2 ] 

f^l/Xr-->'2 0Stf^iAXf-->'2 2 £ £ 4 7? ft S D 'N # » S , 0t £ © ii £ il 
L /i: '& , * ft 8S 1 Olc^LTiliiJ^lfi^^tb^bTS^Ttl L4«BS*4. ^ ft ft 2® 1 
0fr5>*frtl£ft/ciiftftl Lii, = 1 T+ZSlfllKg»«n, t£-2»SUBft^l 

2 * ft L 77^7>fl/VXl 3KXST5, 77^f 7-f 1 3 frBlflll^^t 

^p^t)«t(cjgfijc$nrcMP«50<D<Bfn^ 1 ofciijiu/cBftft i l & , 5 9 — 1 4 j; 

oTY+7j|6] ESDJtlt, IJ1/-1/^X1 54^11580 1 6 ft jl T § . « S 9 

i 63riij®Lfciiftfti l tt , u u - u- y x 1 7, 55—1 8, stfii^f 1 c 

© ft 4g g|5 fc mfe £ ft Ac n > 7* > -9" U > X % 1 9%«E^LTl/f^;l/Rff)Uf 7;l/ffiic|§ 
£ £ ft ft 7? ( X U >v h « ) OJSWWWSrJ^-ftJSja^flJ-PMWrSo 
[ 0 0 4 3 ] 

l^?;UR£:MLfcSSftft I L « « » ft 3* JR P L tc Alt P L /f L fc 

/< * - y ** 3s * * x ^ w © i/ a v h m m ic n n t ft & . a* a* s ■ ft sa a # ?t ■=> t v> -5 ra e 



fe^T, ± ffiij 16 2 5{i^t±S 



D 1 fc>>x^wi:©l?flfc:ffitft3 



? x ^ X -f - ^ 2 2*Z#fil ^x^W©«ffi#&^ft^^PL©<t!ffi{;:^fc> 

# & a, t* v s „ 1 o © ~> 3 >v h mm ic*t? z&ytmmtfrZT t % t , ± im 0 £ 2 5 « * x 

/n X x - ^" 2 2%X7J|p]X(iY73l6]^X-ryX^i()^-ti-T, SlOi'a h^JsUc*fLT|B] 
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[ 0 0 4 4 ] 

*wfc-»{tftilStSO*»<a»* , }S«PL«:l/>«J:^k:LTV^S/fca6, *&m«8iD 1 >7 x /n 
WtcDRgcoaMB^fflafac^mTSc^tfT*^ ^(Di&mt LT&IBft^&P L £ £ x 

1 AXf-y 2 2^Z7^|6](C^»)?-l±i)Ci:T-, «Jfi&<>7x/NW©J5ffi*tft!e)te3*3&P 
[ 0 0 4 5 ] 

im 2 nmfcmi io 

1M ± IB W L ft If! 1 H Ml J£ IB H , 2 R g| if) P COTSSS^tf^iA 

r>x/NSWCrt»o«ffitt*«ofc««T^x/NWoaftX&t?flltB*fT37i«>©n — Fn 

m « ft fc « ii t ft § re * , ^yffyxttti<^§. wTKWwr**aifloai2iisii 
$^(o:$g%geii. \>jL±(ommM^mmt^<, m w w © m a c a w w t § ^ # x * 

[ 0 0 4 6 ] 

^iL,J:5S)tglEX^e)ilfXttiegI3 7, 3*#X|I!iK&B3 7* SO'^iaI 
WCtll'ftiiTSS. 0 2li, *?£IE<Dffl2l£MlHc±3gft^B<Dg^cDWB8#t 

i^^tiiit'^So ft, 0 2 tc *; ^ t fa* , 0itd^Lfcgpt*fcti^-r5SPMtt(ii^ — 

(Ot?f *(tLt^§. 02(CStIO, #*MfilcDBftgBfai> & 15 ft M P L <0 ft S 
IB © ifc «6 « K , « K Jt ¥ 36 P L i:->x/NWi:oP^tc?S<*w*?S< tttlctt»lft»»w 
* El iR L , S.o*f*w©BH»«:JSSrW»c33R#X*#< t t f> fc « L /cglg # X £ HI iR 
-r?>{«*&(HllRgf5«i:bT(D«^|p|iR^4 o^fltAT^S. 

[ 0 0 4 7 ] 

0 3(i, ft Isl ft £ 4 OcD«fiSt%7fN-rB)TBf4M@T'fc§o Bl 3 K jj* f 3i 9 , « *S HI iR « 
*g H iR « 4 0O-?iAW(CW|plt5iB©f R(4, tS ft M P L^ttLfcgftft I 

L^iiii"rs««"p*«. c<o>f*aJCRo«{rtt'ii:»*ajKjt*3Rp Lo^iAx^as 

<fc?{c> ««&laliR«4 0«a»)t^^PL(0«ffi«OifeiSII«f!:E«*nTi/'>*o S fc , @ 

2 7* "Til 9, 4"*8?C R±t?25oT, MftftI L*JB«UftV^»ffifc»«SEJi-b>-9-© 
-ai?:5:-r«(UlffiD 2*^^?nT^5. W , #2SSSJBI8©t8»ft¥*PLtt, Elite 
^Lfc««ft¥3&PLfcft¥Wtt##<H-'e«=a:<, ft *S HI JR « 4 0£r^i6fc:ft¥iait 

[ 0 0 4 8 ] 

ft & in ir « 4 o <D ^ x /n w ic *r inj -r 5 ffi k fat , & c r m & & ? icmmomtt 

B m. £ ft T *J 0 , 0 3 (C ?f> T I 0 , F«9 ft) 6 IK (C $ I* ft iff G 1 , fS. f* HI iR iff G 2 , g ^ 40 
#Xft3£iffG3, SO'iH**X@lRiG 4*^i?nt^5o *7c, 1212 CStl^ fK 

ft ft )i& iff c l tc fat ft *& g 2 9^^Lti«:«l&8l2 7 « ffi £ ft , r& & HI iR iff G 2 fat 

E|lRe3 1*^'L/T?Ki*igiRtSH2 8^«!«!*ftTV'«S. * , ^ ^ ** X ft iff G 3 K. fat 
IS«l42*^LTi**X«ft8l4 1 » m ffi. 2 ft , a3R«rx@lR}ffG4tCf4»«fF4 
4^/rLTSI^X|s|lRgl4 3tfSiSnTt^o ft El IR « 4 0<D&*COiff{;:fat«& 
© ?L (^F@^) tflBdtSftTfeD, ftl&f 29, 0 IR S 3 1 , l&Mf 4 2> & t? » « « 4 

4 o^«»«w*s-ra»iK:jgfi!t*ft/c?L©ss[^^e»^ftLT, *ft^ft*fjc-rs»o?L 

k ft t 5 „ 

[ 0 0 4 9 ] 

ffift^igiG 1 Rt>*f&{*l3lRiffG 2%St3itfJ;^lcSI«'Xttl&«G 3 j£ £ ft T 50 
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, 3JR#X«*&i*G3JtP&©3JRj!f;*#*Slit' (S§ftSBEX£UX^-r§^l2^©*£& 

TSJR?!fXE|iR}i G 4 ft" 6 il IR LtittS <fc 5 IT^S, 
[ 0 0 5 0 ] 

± 13 m m ic *> ^ t , ">x/NWfc»-r*»ye«ia*fTdi8^»ctt, * -r ± *j w * 2 5 a * 

iAWStfl/f i'/l/R^iAS-tiT, 1/f ^;bXf - 2^2 0 ft x /n ;iwl/ 2 1 ± tc ^ 



n?n«tSS^5. & fC , 3£faJ»&2 5ti?«i*{8^gB2 7fttf7&#:lI]lKiglB2 8tC 
{I^^W^LT, «!&f 2 9*^LT«*eiaiR«4 0 K«)S SftfcR#«|&I C 1 ^ 6 « 

US 0 IRIS 4 O f?x/\Wi:©^(i:i#w%ft^t§i:^tt, tt»Sftftitfl!w4i{t;B 
lR»G2*^e>lHliRB3 lSr^LTHHlX-fSo 
[ 0 0 5 1 ] 



ALT, 



4 2 ^ fl- L T 



i*"x0iR8i4 3 fc m*j '# it # * m 

gtfx^flt^-rs 



ur *r x « le » g 3 & <z>m&w (Dfflmn 
o £ nic & o m&w <Dfflm<D*L%.tf& Ltaz ti. mww comma mm&iic 
nsttnncfti. «[<*woaHfj:«BTWfc«t&«nfca3R*x«sjis^fxiaiR»G 4 <=> 

#E ^ S 4 4^r/1-LT^*^X|H]iR^B4 3K|§|iKLTl**tc*ft3„ C © SB , £ $J fll ft 
2 5»l/f ^l/Xf-->'2 2 £r j£ 75f fa S D /\ @ K) £ -£ , f£<0 

iz t? x m W «D i/ a y h SB Jilt fc U ^ £ 71/ R © # — > (g ¥ £ n § o 
[ 0 0 5 2 ] 

K J£ $ <* n fc fft Hi 



d 2 tc en /jo -r ^s> isft « /± ^ anj w u . aEtiTv^s*aifcW*puT^*3SE«E*ffii:^ 

&I£ft^ftPL£^x/>W£©P.fl©Sggl£5Ri6£o fit, C©gggitKJSi;T<>x^X^ 
- 2 2*Z#iajK#WS-tf» ">x/>W©3Rffi^aiB3t^3SPL©»HK:^t>-&i&A/-pl'» 

3 „ io©^3-vhMJ§Uctt^&fl7tM;^5 ; E7-f3i:, ±«»S2 Stt^iAXf-y 



2 2£X#ft;5UiY#ftfCX-ry:/#I!j£'t»-T, # © S/ a v biiBJsHcttLTlBjfiU;: 

a * ft ? o 

[ 0 0 5 3 ] 

ffcJ^ili^©M#/£##i§«?L&V'><}:'5fc: 



X fcfc , tS !J ft ¥ ft P L ( « *g 0 M 4 0 ) «> i 



D 2 t ^ i a 



wi:©iffl©*$t&s*«ttfc:tftm-rsc t t? # , * © is * t LT*si£ft^ftp l t ^ x 
/NWioiaios)t*Ki/^«[)j["p*ftSiii:^T*So •?■ l t s xtbio ti ft mm k. invar 

iAXf-^2 2^Z73(^(C^»)^H±5Ci;T-, lW®Jt< , i'x>'NW©Sffi^*S^7t¥^P 

ilt^Tf ^ggJKJ&JKOflEftiBHEXti, If! lSlfifeM ©£?&;:, 'JiAiff 

BE X © 3 x b ±S£rffl]x. £ 



[ 0 0 5 4 ] 

[» 3 nmmm) 



b © b> <* «t m it . 



e x % m # x 



3 7 



R # X (Hi IK I 



3 7 , Stf^iAlWCif^/ - ; 
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tlf^ot, (a) « ± ffi m V to 0 , (b) (* (a) 4" lc L It A - A M <D Bff ffi & St 0 
[ 0 0 5 5 ] 

H©J:3tcBBll£ftfc&JRa5**fcLT©&«y > y 5 0 i» 3 <, y f 5 0 « 

, •> x w <d n as is ^ t > ®&yt¥%* p l ic&9 ttv znrcmiii&Mfr z><Dnm.t)m<D 

ilijyysoli, ^(D^ffiffiB^^x/NWwSffifiiBttsjriBi — fcis^^n-rfco, * 10 

©«t4« 5 «f*fi«(ftfc*b<3B:a«fc5»C7' — XSnTV^S. •> x /> W *C fi JP * © & fg # S 
ft , ilU >^5 OfDlBfif ^^^K 1 ? i/\W©iIfillC- gt^ti-S^gti^:^, 
CO^IiJ y^"5 0 © *t JU4 SJ H S ft * V # , If I ttt^r* t § X f > U X ^SS L 
l,\ ISS, >^x^X^-> !; 2 2±cDikSgPtCtt, X^f|fi)OfflHW««rW-jBiJ'rSfci&<OY^|Rlk: 

mtfrc^mm 2 3 x t Y#isi©ffiHw«*tt8i*3fcft<DX7Si6)*ciitf3#i&M2 3 y t 
& m if <z> ti x ^ 5 o 

[ 0 0 5 6 ] 

g«^;/^tcl5tte>ft3^i±i«a<D«/$£^t-|2T-;&3 0 Sf gityU-D l 0(4, & £ 

1 CD V x m W m IC IbJ < S £ It St "5 frf tt P> n T V 5 o 0 5 fC ^ T 0IJ T « , |}||!it>"!f 
Dl 0 « X 75 ft fc 3 X U -y h cD g ft ft I L©jIjfl««T*Y7!r6lfc:ttA,T* X 7? fa 
(cf Hfl*fe-3Tffi?ij?tit^5. »3fl1B«TfcttLT-Y#ifl]fcE?iJSnfc»*g«Hr 
>-9" D 1 0 It, ^i/nW% + YSlSlKillOOS^tStf (CjS^Ttf IP L t^iA 
W £ CD (D gg « $J £ 3 fc ft (C ffi ^ 6 tl , 3MtCjlj§ffl^TtC*tLT + Y 73 In) tC BB S ft 
fcSta^a-tr^+J-D 1 0(4, tfxMW*-Y73faK#»LO"3aift-rSfc*fcSKft9S3S 

[ 0 0 5 7 ] 

H^tt^a-fey-y-DlOti, YTJlBjfC^tf^^aiWIlilLTcD-fey-y-WlSDl lfc, -fe > 

ftiD i i mts & $ ict&i-t totitiMnhnrnt ltc^-fisd i 2 t * $ a, t 30 

(cffl^en^SStfeO, ^-KtiD 1 2tt, t^D-IlD 1 1 6 £ x W IC W Xf 5 
[ 0 0 5 8 ] 

^(C ¥ffll3>fv^<Dia§lC{i«T© (l) S?S?ft4, 

C=£ r • £ 0 • S/d ( 1 ) 

±IB (1) £ E * V» T , e 0 * 28 © 8§ * * > e r -fe > +f « 8i D 1 1 ^^x/NW^cDfS 
tcgEB£ft£^K ( #J x. li\ £E ?J<) © it If * ^ , S 14 , tV^f ffiD 1 1 i/NWitf 
M^^gP^coffia, dti-b^^HD l 1 i^iAWi:OE(!tT'*5o 40 
[ 0 0 5 9 ] 

± IE (1) 5£ (i > -fe > IB ffi D 1 1 ^lAWtOfflCtft^tA'iTfRTifeSt:* 
co ft£ g|5 fc 33 ^ T ft # 5 46 , ¥ a « n > f* > -9- CO 4 (4 ± IB ( 1 ) 5£ ?> t* ft fc t> <D {c 

PL (-tyy-tlD 1 1) £ £ x aw £ <D H cq SB 8f£ * ft T i> 0 
[ 0 0 6 0 ] 

CtDfctb, )|iiaic6tf«SaA«CDii!|i»)<D»flcj:5T¥ffifi3yf >1tOtjR8 

flcD^m^M^^-ri>t. s^^^^PL^^x/NWfccDfflcDsggicDitsiiwja^sifr?. 50 
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ctlc45 0 5 ffi ifil S © M it * ffi it T 5 fc & fc , $iI$St'(i, -b>^«gD 1 
l^SKOBty^otctf — FigD l 2 * IS It , t>*tlD I McEri*n-rs£ffitttJ£i:|H] 
- ( Ir! ffi ) (D&ffimEE* X— FtSD I 2{c9lftn-rsc:i:T', -byttlDi lfr^oi 

smart*©* #9*I«jLLT^ 3. 

[ 0 0 6 1 ] 

-fey-9-ftlSD l l © - « (i ffi © ffi # J: fc ffi « * s < K ffi P D 

i ^st^tiTfeD, ffi as tc « -t >■ -9- * s d i i \,c&ffimm*8itiQ? z tcttxDmmm&ig 

i?n§SI^7 KaiPD2^Sltent^5. * , #-FtiDl 2«, # - > <o 
fitflilf-St'^t), -Ir > -fr * « D 1 l lcWLt0rS©ISW%toT-byD-tiD l l * 

iDicjigwicss^n, *■© — «!»«:« -t^-fl-msD i i icepm-r z&ifcWR zm— cm 10 

ffi) — KfcliDl 2 CWl!lPt5ftJ!)OSfit^7 P D 3 S^filc? ^ 

[ 0 0 6 2 ] 

ft ¥ X ? L 1 <D * * ffi ti <5 (£ ¥ ffl T- & K> , J9 2! ffi « ft ffi (2 if ^ ffi ffi B + Z 73 ft tc {5 fi 
tUiHSLt^S. ft Hi /< v FffiPD 1 & ft ¥ ift ^ L 1 O¥i»t«fSStitl30, 
8«/W K»PD2, PD attJt^JR? L 1 ©«»LTV^4lliaait)gS*nT^5. C 
(Dfcib, P L © T rt ( - Z 7? |6j ) ic *i nw*EI Lft fttB^-y h* ffi 

PDltti«/WKiPD2, PD 3 AOt^j^WtftifiUfeffiiCEIJnSCtt 
& S 46 , & ffi /< -v F ffi P D 2 . P D 3 h © M M 77 ffi # 8+ ffi ^ # * S & 8 H T '> & 
< t^T'tSo ffi, L 1 © ¥ ffl ffi ft , jijfifg^TRt>"^«^»-b>-*7-D 20 

1 (XDJBfiRffiffiJafl-O^ffifCMoTjglftWffiD 2 0«i«lS?nT^5, 

[ 0 0 6 3 ] 

^ IC , il*S«-b>-9-D 1 0 f7iAWi:©f|(DlI^I(CO^Tf §t5o 0 6 it, 
ftlSitJ'ltD l 0 i: l 7x«WfcOBOlSt^8i&Wilt*ft»oa-p*5, ffi . 06 
E *5 ^ T it , S^7ie^^PL<D0^^«BS-r^i:i:ttc^SS»-b>-9-Di 0 £ fgf Bg ft L 
TliUfcD, gfC&^ft^&P L t-7xAWi:(DB{c«i&^tl§««:wti*?:te 
L T IA -5 o 
[ 0 0 6 4 ] 

Sf, 06 (a) EStlD^ »l§ity+)"D 1 0 <D 1 O^, '}i^W©4'i*iffi©± 

^»fcffiH-ra«^*#ASo co^^-tctt, # — hud i 2 ic £ -DTBf&z tiznm.t> 30 

ffi (c J; 0 , tVtiffiD 1 1 £ © ^ rt ffi li (5 t£ ¥ ?t & & 0 c co 46 , -fe > IS D 
1 1 ^7iAWi:5:lgW5:¥f7il3>f>^tai5:tCi^Tt, ± f 2 © (1) 3£ 

[ 0 0 6 5 ] 

& fc > 06 (b) CSti!), »*SI*>tD 1 00 lOiiCf xAWO*9<0±7jli: 

ffi b l t 5 if -a- (c « > Bnnm.'t.y-yD 1 ofr&oss*8«- sa^i^wioiiic 
iR]*>oTA#fr5<j;5tc^o, la^itftuitf^ns?. 06 (b) (c^-t^jt- 

ti , #-K«8ID12fr5©*«rtffi#^x/NW©ffiffi{CA^LT*5*K •by^fiD 1 
1 © 9. M 73 ffi it V x m W © ffi ffi (i A W L T V> & „ L fr> L & £> > #-KfffiD 1 2*' 

cnc J;ot, t>*iiDl 1 k>)xAWtOBCtM§ltftftL, fOSSHT 
*S U ft 3*^ P L fc*x/NW£©|lB©&SI©ttffig?^#£-fSo 
[ 0 0 6 6 ] 

C ft (C *f L , * S JSfc J£ T f± , 06 (c) fC ^ "f S 9 > ? x /n X ~r — 2 2 ± K , ^ i 
AW^l!DItfJ;o(;^IU O^rtgtf, Lfrt^I'J OOgffiffiBcOiiS?^ 

^xAWCoaBfiiilBHSicLt^lio Z.<Dtztb s 06 (b) £ |sj U ic , S?> S B -fe > +>- 
D 1 0*^iAW©iaiO±7jKfilLT^Tt, # — K * « D 1 2fr5©«5Crt*tt» 
JZZ < & Z> £ t % < &m V > ? 5 0 iC XM L , {5(3:06 (a) ICtjk L/itl<DtM^ii 

» 6> ft * . -OtliD 1 lA^Ofa^itfA"-KliD 1 2©tMA^ 
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[ 0 0 6 7 ] 

v x aw <d ffi m fc & m v y 9 5 0 * wl tt s c £ »c <t o t , »int>tD 1 0 # * x 

L (Utt^a-ty^D 1 0) t^iAWtOBCSItWttSCkiiTSS, ^ <0 S3 « 
, '5x^W(D4 , ^g|5tC{iH-ri)>'3 >y h^JSS&tf^xMWOJSgincftg-rSS'g >y b tB 
Oflnojfi«*I)tt*i* , P*oTt, ^x/NW©Sffi?rtSK^¥^P L <D ffi ffi tc =b 

h± a, /-£ w. mv m ft t £ £ t ft V # s „ 

[ 0 0 6 8 ] 

sfc, ^iAwoaic^i'j>y5 o%syst, si)tf|p Li^iAwtoi 10 

y 5 0 It > WAtf7-;*3-hf «S*tta-b*'ISnT^*©«'ISH>, B7B, 

fc tt is 7j< 14 £ w -r 3 a 5 i<c«astiT^5. ^iawosiic^iu o^stt 

ffi {* w ^ ^ x ^ W © ^ g|5 P> BP ffi tc ^ x X x — ^ 2 2±{Cjin}§^€>Ct^r 
ISjhf 5ci*«TS, SfcAI'J >ys 0K8BSlC»*tt*ttS8l5 1 *«J«t5<: 

tt\ js*wtffiAwt4i'j yys 0 t <Dr<n<ommicmx? £ o * w it -r & c *: # t- 

[ 0 0 6 9 ] 

x /n X -r — *J 2 2<D& ft $>Zo S/c, £ x ^ X f - *J 2 2 ± K f* w # 

J« L , X tt M ft i& « o T x X -r - >>' 2 2 ©ISSE»*!I *iB C tBH i: ft 5. * 

n bsjb <« -e »4 , cneo^i^^iitsc # ? tr s , 

[ 0 0 7 0 ] 

1 & JB U ^^5 0 (C|)SLT^fcA , > ${£w£:LTili414cofccO£ffl^&i§£-f;:tt, ft 

^ £f* T « & !/■> if ft fct , U-^HiftfcB&it-rSfca&K, ^SC0gffi(c$6igS^^3-hL 
[ 0 0 7 1 ] 

u ± , * fg « co n fig b m \c o ^ t ifj w l rc # , * a w {* ± ffi * fis 0 m ic m m s n * , * 
«woiBHrtT*eitcSM^nifl6i?a&s. fiaj a tt\ m a? l tt w. 1 n m % m »c *> ^ x tt > ? 

iAiwCl:«fet5^ffittfXi LTiI**X«:ffll/\ fu $ L fc ffl 2 gl fi& SUc *J T 
tt , ^^wco^H^^mWtW^-rS^rStt^X^ffll^Ti/^cjb^ t«A"Xtt)1.KAny 
V # X (A r , K r) m*m^%<ltt>T°%?>o 

[ 0 0 7 2 ] 40 

ft, ± ffi SI fiS m iC *5 (,"> T tt , 8%^j|l k LT> A r Fl+i/vb-f^I^SIL 

« ft T finite*, "^x^WStH, RO r S^7t^^PLCO$t4SffltC|Stt?>nT^^7 1 e^lg 
^cO^S^rgtifrsftffltWRfT^So 
[ 0 0 7 3 ] 

«fi*M9 3nmefiO»Jt JfrK «tSM* ( * ) <0 B fff ^ n tt tt H? 1 . 4 4 T 35 5 7c 
ft , B^^O^ScLTA r Fl*->vl/-f^ ( Jfi « 1 9 3nm) * /B ^ fc « ^ , •> x 
7NW±Ttt 1 / n , BP Jft 1 3 4 n m I: Sififift J n t iS^iifitffl 5 n 5 „ SIl, ft 50 
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»^fclPIStf[0«jSj95fi* t «i«T*ntf«kt^«^»ct±, « ft 3* & P L<OlillP»*J:t>Jg 
ijp S * 5 C £: T* £ , CO^ft»WA^lt5. 
[ 0 0 7 4 ] 

ffll^CkttSS. F 2 — 1fftig*/Bl^S«£, SiSJIJltfflOiltfliiLTttFj u — 
■9 , «*ajfl"JfiE!6:««.tf7yJlS3fi*>r;l/ J f>a7yfbd?yx--r/I/ ( P F P E ) m V 7 -y m 

JB «r * # SS < , JS » ft ¥ & P L^'JiAWSIlCl^Jtlt^S;* h L/^"X FiCJULT 

£ ft CQ («Atft^-i) %ffl^SCttnJig-!?355 0 g««Sl tLTK r F X 10 
i/ v U - if : ft M £ ffl ^ § « fc » % ^^{CJ: 5 ?K iR /.h £ V -1 fc J6 , IBIft>/U CS 

[ 0 0 7 5 ] 

* , # 56 HB « » 19 M 7 1 0-1 6 3 0 9 9 ^1 V |, 1fri¥ 1 0-2 1 4 7 8 3 # & $g 
. HI 2 0 0 0 - 5 0 5 9 5 8 (C 13^ ? nt ^ § <t ? (C , ^x^^^&ffinate 

[ 0 0 7 6 ] 

mm. ^^^UTDFB#«^w--tfxt±^r^/ ! ;--U'-^f^e.i8tg^n^^^yc, x 
a nm <d m ~ & & u - *r yt * . m * a x ;nf a (xm^nffit^f hutfio 20 

Pi 73 ) JiF-rjftfc7r-f/<-7y^T«IU # UK ft ^ m A * ffl ^ T ^ fl. ft K & fi 

««Lfciesw«[*ffl^Ttfi^oCT*tf,¥-afiu-'»fo«sjss*i. 5 1 - 1 . 5 

9 nmOfti^tt^t, 58 £ ft 7^ 1 8 9~ 1 9 9 n m©l6irtt'fe§ 8g|iii, X 
tt 58 £ » fi 1 5 1 ~ 1 5 9nm©ffilrtl?g« 1 0flSi«Wlig#ai2j£tt3o 
[ 0 0 7 7 ] 

W £ * 18 « « fi * 1 . 5 4 4-1. 5 5 3 fimO«lrtit5i, J848«tf 1 9 3- 
1 9 4 nm<DiEHrt<D8igii5!l§i£, BP ^ A r F I* J/7 U-f « i li B-»g t ft 6* 
fl. ft # » 6 ft , « ji » fi * 1 . 5 7 — 1. 5 8 (unOilftfcrftt, 1 5 7 

-1 58nmOlSlfl(DI 0 fg S5 1$ & , BP % F 2 U-ifftfc<St£|5] — i6gt§S«M.)ttf 

#p>n§ 0 s fc , a fi is « * i . 03~i. i 2(nnciBrtitsi, a £ & e *m 4 30 

7~16 0nm©«HrtTfcS7«ffiWfttfdi2j£ft, W 58 « » S * 1 . 099-1. 
1 0 6 /j m<0|5Irti:tS i:, 58 £ i£ ft *W 5 7—1 5 8^m<D$EHrttD7^^MiS, BP 

■6 F 2 U-ifftMSl3f|^-i£ft ^ftSlfgnftTiMtenSo <r©lf£, H - ft ft 58 JS U - if 
i: L X It m & IS <{ v h U £ •> A • K - ? • 7 7^^-U-if * ffl^S C itffSS, 
[ 0 0 7 8 ] 

S fc , ft ft ft I 5 7 nm<0|^«ii.^*1^5«^ > COS^)tl L « 

& jr (o 2 ) , 7j< c * & « : h 2 o ) , -mitmrn (co) , m m # x ( - ant « as : 

C0 2 ) , W « 1% , RtfAnyyfttif (CkoTiRUXSnS. -73, C <D ft ft ft I L « , 

a fft # X ( N 2 ) a t>* 7j< jR ( H 2 ) , lOflCMJ >7A (He) , * * y ( N e ) , 7 71/ rf 

y ( A r ) , ? V 7 h > ( K r ) , / V (Xe) , R Zf <y K ^ (Rn) 3? <E> # Xfc 40 

ef tfTRii/ft*', 3 fit # x j-x fl- 7j< m u x , xiicnf.os^^sffl^scttfs 

•5 o 

[ 0 0 7 9 ] 

£ JR # Xti K fi *M 5 0 nmgS«TO)ttWLT(i»)t*Si: LT^§L> 'Ml <^ A 

CD 3ft 1 / 8 T* to Z fc 46 , 1f{Cii!3Sji^t7 , fi^^£0^«W'tt©^^tt^^iPtti:T-@nTV^ 
5. U A ^ X « it[ ffl T* 5 fc 46 , iSftftcOteftA^F 2 ^ — if O «fc ^ 1 5 0nm 

W ± T ft n , »IE3Xh«r«»SH*Sfe46K*©ajiBtt*XfcLTaj|Sj!3rx*ffifflLT 50 
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[ 0 0 8 0 ] 



5 
HB 



? (LCD) S4§tff ^yH'OSI(Cffl^6hTf/WX/^->4A*7X/l/- 



t? , duv ( j§ s§ n ) Jt^vuv ( x £ as ) jt^^^fflvaautsBifi-ett — «w»caiia 

fl/f Xl/«iffl^5ft, l/f ^/HfitUttS^if^X, 7 >y * F - 7 * ft tc 5 31 # 

i^OXll^SI, XttW^iaaJttfilBftifTtijaiiUvx* c x -r > ~> ;i/ v x ^> 

, C <D £ 5 temt^mi*. W0 9 9 / 3 4 2 5 5 f, WO 9 9 / 5 0 7 1 2 W099 
/ 6 6 3 7 Of, 1 1 - 194479*1, 4$ ffl 2000- 12453*1 , 1$ Hfl 2000- 29202*1 3? fc Hf| ^ 
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